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1BUIPHFO BWPJEBODF CZ $BFOPSIBCEJUॷ FMFHBOT JT B
QIFSPNPOFNFEJBUFE DPMMFDUJWF CFIBWJPS
"ঋজঝছঊঌঝ
" NPEFM PSHBOJTN $BFOPSIBCEJUॷ FMFHBOT JT B GSFFMJWJOH OFNBUPEF UIBU GFFET PO CBDUFSJB JO UIF
XJME 5P TVSWJWF JU IBT UP CF BCMF UP EJTUJOHVJTI CFUXFFO CFOJHO BOE QBUIPHFOJD NJDSPPSHBOJTNT
5IBOLT UP JUT TJNQMF OFVSBM TZTUFN JU JT DBQBCMF PG EFUFSNJOJOH XIFUIFS UIF TPVSDF PG GPPE JT EBOHFS
PVT BOE QIZTJDBMMZ BWPJE JU
*O UIJT XPSL XF QSFTFOU FWJEFODF UIBU UIJT BWPJEBODF CFIBWJPS EFQFOET PO UIF OFNBUPEF QPQ
VMBUJPO EFOTJUZ 5IF XPSNT FYQPTFE UP B QBUIPHFO TFDSFUF BO BMBSN QIFSPNPOF XIJDI ESJWFT UIF
QPQVMBUJPO BXBZ GSPN UIF EBOHFS 8PSNT DBSSZJOH B NVUBUJPO JO UIF BDPY HFOF 	JOWPMWFE JO UIF
QIFSPNPOF CJPTZOUIFTJT
 BSF VOBCMF UP QSPEVDF UIF BMBSN TJHOBM BOE PESNVUBOUT GBJM UP SFBDU UP
JU TVHHFTUJOH UIBU "8" OFVSPOT BSF JOWPMWFE JO UIF QIFSPNPOF EFUFDUJPO 8F EFWFMPQFE B TJNQMF
QIFOPNFOPMPHJDBM NPEFM UIBU RVBOUJ୮ୢFT UIF F୭GFDUT PG UIF TFDSFUFE QIFSPNPOF BOE XBT BCMF UP SF
QSPEVDF NBKPS GFBUVSFT PG UIF OFNBUPEFTؠ CFIBWJPS BU UIF QPQVMBUJPO MFWFM
8F TIPX UIBU UIF DPMMFDUJWF BWPJEBODF JT OPU SFTUSJDUFE UP $ FMFHBOT BT PUIFS 3IBCEJUJEB OFNB
UPEFT BMTP FYIJCJU UIJT CFIBWJPS 'VSUIFSNPSF UIF BMBSN TJHOBM MFG୴ CZ $ FMFHBOT JO UIF CBDUFSJBM MBXO
JT EFUFDUFE CZ NPTU PG UIF PUIFS TQFDJFT UFTUFE CVU TPNF PG UIFN XFSF BUUSBDUFE UP JU SBUIFS UIBO SF
QVMTFE XIJDI TVHHFTUT UIBU UIF DIFNJDBM TJHOBM JT OPU DPOTFSWFE CFUXFFO UIFN
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"DLOPXMFEHNFOUT
* XPVME MJLF UP UIBOL NZ 1* &SFM -FWJOF GPS IJT QBUJFODF BOE GPS BMMPXJOH NF UP FYQMPSF B NVMUJ
UVEF PG UIFPSFUJDBM BOE FYQFSJNFOUBM QSPKFDUT CFGPSF * TFUUMFE PO UIF EJSFDUJPO PG SFTFBSDI UIBU * USVMZ
FOKPZFE #FJOH BCMF UP EJWF JO IFBE ୮ୢSTU JOUP B ୮ୢFME UIBU XBT GBS BXBZ GSPN NZ DPNGPSU [POF FOBCMFE
NF UP BQQSFDJBUF 4DJFODF JO BMM JUT GSVTUSBUJPOT BOE XPOEFST BOE QSPWJEFE NF XJUI VOEFSTUBOEJOH PG
3FTFBSDI UIBU * XJMM USFBTVSF GPS UIF SFTU PG NZ MJGF
* UIBOL NZ DPNNJUUFF NFNCFST "SBWJ 4BNVFM .BSB 1SFOUJTT BOE %BOJFM /FFEMFNBO GPS UIFJS
TVQQPSU BOE HVJEBODF UISPVHI TDJFOUJ୮ୢD BOE BENJOJTUSBUJWF QSPDFTT PG UIF 1I%
" CJH UIBOL ZPV HPFT PVU UP 3IPOEB 'FJOCBVN GSPN "VTVCFM -BC 	BOE UP 'SFE IJNTFMG BOE
PUIFS QFPQMF * IBE B QMFBTVSF XPSLJOH BMPOHTJEF JO .()
 GPS HSBDJPVTMZ BOE QBUJFOUMZ TQFOEJOH
FOEMFTT IPVST UFBDIJOH NF UIF CBTJDT PG $ FMFHBOT SFTFBSDI 8JUIPVU IFS IFMQ UIJT XIPMF QSPKFDU
XPVME OPU FYJTU
* BN BMTP HSBUFGVM UP 4UFWF -PSZ BOE %FCPSBI :PEFS)JNFT GSPN )BSWBSE .FEJDBM 4DIPPM GPS
OBWJHBUJOH NF UISPVHI UIF CBTJDT PG NPMFDVMBS CJPMPHZ
* BMTP BQQSFDJBUF UIF DPMMBCPSBUJWF OBUVSF PG B XJEFS $ FMFHBOT DPNNVOJUZ UIBU EFTQJUF VOEFS
TUBOEBCMF BQQSFIFOTJPO XFMDPNFT B TUSBZ QIZTJDJTU PS B NBUIFNBUJDJBO JOUP UIFJS SBOLT 5IF TVQQPSU
* SFDFJWFE JO UIF UI *OUFSOBUJPOBM $ FMFHBOT.FFUJOH 	FTQFDJBMMZ GSPN 'SBOL 4DISPFEFS /BUIBMJF
1VKPM +POBUIBO &XCBOL BOE +VTUJOF .FMP
 XBT DSVDJBM GPS NF UP CFMJFWF JO UIF WBMJEJUZ PG UIJT QSPKFDU
BOE UIF EJSFDUJPO PG NZ SFTFBSDI
* UIBOL 3POFO ,PQJUP BOE .POJLB ,BVFS XIP XFSF UIF ୮ୢSTU POFT XIP DBNF VQ XJUI BO JEFB PG
VTJOH B DPOTVNFS HSBEF DBNFSB UP JNBHF XPSNT PO B QMBUF 5IJT XBT B TFNJOBM TUFQ UIBU * XBT BM
MPXFE UP FYQBOE PO BOE VMUJNBUFMZ QSPEVDF UIJT EJTTFSUBUJPO * BMTP BQQSFDJBUF EJTDVTTJPOT BOE XPSL
UIBU XF EJE UPHFUIFS JO UIF MBC BMPOHTJEF XJUI PUIFS NFNCFST  ,BUIZ 8BULJOT -VDZ -FF ,ZVOH
4VL -FF %BOJFM +PTU #FOFEJLU 0CFSNBZFS BOE *VMJB /FBHV XIP XFSF BMM QPMJUF FOPVHI UP MBVHI BU
NZ KPLFT
7FSZ TQFDJBM UIBOLT HP PVU UP 1JB 4PSFOTFO BOE 4UBO $PUSFBV  UIFZ CPUI PQFOFE NZ FZFT UP BSFBT
JO MJGF * IBE OFWFS FYQFDUFE * XPVME FOKPZ 1JB XBT QSPCBCMZ UIF CFTU UFBDIJOH MFBEFS * DPVME FWFS
ESFBN PG BOE NZ FYQFSJFODF UFBDIJOH 4DJFODF PG $PPLJOH NBEF NF GBMM JO MPWF XJUI UFBDIJOH BOE
QVCMJD TQFBLJOH 1JB PUIFS UFBDIJOH TUB୭G BOE XPOEFSGVM TUVEFOUT XFSF SFTQPOTJCMF GPS UIBU BOE *
XJMM CF GPSFWFS HSBUFGVM GPS UIJT FYQFSJFODF *O UVSO UIF BDFSCJD XJU PG 4UBO $PUSFBV IBT NBEF UIF
MPOH IPVST TQFOU JO UIF NBDIJOF TIPQ GVO BOE NFNPSBCMF BOE KVTU MJLF XJUI UFBDIJOH * GFMM JO MPWF JO
CVJMEJOH NBDIJOFT XIJDI XBT JOTUSVNFOUBM JO DPNQMFUJOH UIJT 1I%
WJJJ
* BMTP UIBOL 4IFJMB 'FSHVTPO -JTB $BDDJBCBVEP $BSPM %BWJT %BZMF .BZOBSE BOE UIF SFTU PG UIF
TUB୭G PG )BSWBSE 1IZTJDT %FQBSUNFOU XIP BSF UIF USVF IFSPFT PG UIJT JOTUJUVUJPO BOE UIBOLT UP UIFJS
FYDFQUJPOBM XPSL BOE TFOTF PG IVNPS XJMM BMMPX NF UP BMXBZT SFNFNCFS UIJT QMBDF GPOEMZ
'JOBMMZ UIF MBTU TFWFO ZFBST IBT CFFO BO JOUFMMFDUVBM BOE FNPUJPOBM SPMMFS DPBTUFS UIBU XPVME CF
JNQPTTJCMF UP HFU UISPVHI XJUIPVU OVNFSPVT JOEJWJEVBMT UIBU * DPVME 	BOE PG୴FO TUJMM DBO
 DPVOU BT
NZ EFBS GSJFOET 8PKUFL 3[FQBMB -FOF /HVZFO &XB *OGFME "OOB 0MDIPXJL 6OB ,BSBIBTBOPWJD
-JTB &CFSMF +VSFL 4VSNB $F[BSZ 8PKDJL 4V[BOOF 1JUUNBO ,S[ZT[UPG #BS "OOB "OUPOJPV "OOB
5VSTLBZB .BSZTJB 1BXMPXTLB ,VCB 4[BNBMFL .BSJB (VUJFSSF["SDFMVT ,BUIZ ,V .BSB #MPDL
(PTJB %ZNFSTLB ;V[JB 8PKDJFT[BL ;V[BOOB 'VDIT %PNJOJLB ,SVT[FXTLB "EBN ;JFNCB 3PNBO
(PK -F7BO /HVZFO 0MHB 4LPSLB +BOFL 6SCBOTLJ BOE PUIFST XIPTF OBNF BTIBNFEMZ * EJE OPU MJTU
IFSF CVU UP XIPN * XJMM FYQSFTT NZ HSBUJUVEF JO QFSTPO
-BTU CVU OPU MFBTU B WFSZ TQFDJBM UIBOLT UP NZ 0YGPSE UVUPS 4UFQIFO #MVOEFMM XIP DIBOHFE NZ
MJGF CZ BDDFQUJOH NF UP .BOT୮ୢFME $PMMFHF BOE UIFO DVOOJOHMZ TUSBZFE NF BXBZ GSPN IJHI FOFSHZ
QIZTJDT BOE PQFOFE VQ B XPSME PG QPTTJCJMJUJFT CFGPSF NF * BN HSBUFGVM GPS IJT DPVOUMFTT BDUT PG LJOE
OFTT  IF XJMM BMXBZT CF NZ IFSP
JY
1
*OUSPEVDUJPO
$PMMFDUJWF QIFOPNFOB BSF DPNNPO JO CJPMPHZ BU BMM TDBMFT GSPN TFMGPSHBOJ[BUJPO PG NBDSPNPMFDVMFT 
UP ୯୳PDLJOH CJSET  "OJNBM CFIBWJPS JT B QBSUJDVMBS FYBNQMF UIBU FNFSHFT GSPN TJNQMF JOUFSBDUJPOT
BNPOH DPOTUJUVFOUT BOE JO SFTQPOTF UP DIBOHFT JO UIF FOWJSPONFOU 6OMJLF NBOZ PUIFS QIFOPNFOB
JO CJPMPHZ 	FH CJPDIFNJDBM OFUXPSLT PS EFWFMPQJOH UJTTVFT
 XIFSF JU JT OPU DMFBS XIBU UIF SFMFWBOU
TDBMFT BSF IFSF UIF TNBMM TDBMF  UIF JOEJWJEVBM BOJNBM  BOE UIF MBSHF TDBMF  UIF HSPVQ  BSF FBTJMZ JEFO
UJ୮ୢBCMF BOE BSF XFMM TFQBSBUFE " XJEF SBOHF PG BOJNBM TZTUFNT IBT CFFO TUVEJFE CPUI UIFPSFUJDBMMZ

BOE FYQFSJNFOUBMMZ PWFS UIF QBTU  ZFBST )PXFWFS XIBU CFIBWJPSBM TUVEJFT IBWF JO UFSNT PG
BDDFTTJCJMJUZ QIFOPNFOPMPHZ BOE NBUIFNBUJDBM SJHPS UIFZ PG୴FO MBDL JO UFSNT PG FYQFSJNFOUBM
QSFDJTJPO DPOUSPM PWFS QSPQFSUJFT PG UIF FOWJSPONFOU BOE UIF JOUFSBDUJPOT BOE BCJMJUZ UP DBSSZ PVU
QSFDJTF QFSUVSCBUJPOT "MTP NJTTJOH JT B DMPTFS DPOOFDUJPO UP NPMFDVMBS HFOFUJD BOE OFVSPOBM NFDIB
OJTNT UIBU ESJWF DPMMFDUJWF CFIBWJPS )FSF XF QSPQPTF UIBU UIF PSHBOJTN $BFOPSIBCEJUॷ FMFHBOT DBO
CF FTUBCMJTIFE BT B NPEFM GPS DPMMFDUJWF CFIBWJPS UIBU XJMM FOBCMF BO VOQSFDFEFOUFE MFWFM PG DPOUSPM PG
JUT FOWJSPONFOU BOE BDDFTT UP NPMFDVMBS CJPMPHZ VOEFSQJOOJOH JUT JOUFSBDUJPOT CFUXFFO DPOTQFDJ୮ୢDT
8F JOWFTUJHBUF CBDUFSJBM BWPJEBODF CFIBWJPS JO XIJDI $ FMFHBOT SFWFSTF UIFJS JOJUJBM BUUSBDUJPO UP
B QBUIPHFO *O $IBQUFS  XF XJMM EFWFMPQ BO FYQFSJNFOUBM TZTUFN DBQBCMF PG RVBOUJUBUJWFMZ USBDLJOH
UIF QPTJUJPOT PG XPSNT GFFEJOH PO OPYJPVT CBDUFSJB BOE TIPX FWJEFODF UIBU UIJT CFIBWJPS EFQFOET
PO JOEJSFDU JOUFSBDUJPOT CFUXFFO UIF OFNBUPEFT $IBQUFS  XJMM GVSUIFS RVBOUJGZ UIJT QIFOPNFOPO
VTJOH UXP QIFOPNFOPMPHJDBM NPEFMT *O $IBQUFS  XF XJMM JOWFTUJHBUF NPMFDVMBS CBTJT PG UIF CFIBW
JPS BU UIF MFWFM PG OFVSPOBM FOEPDSJOF BOE JNNVOF TZTUFNT 'JOBMMZ JO $IBQUFS  XF XJMM BTL XIFUIFS
DPMMFDUJWF BWPJEBODF JT SFTUSJDUFE POMZ UP $ FMFHBOT PS JT JU NPSF DPNNPOMZ GPVOE BNPOHTU PUIFS
OFNBUPEFT 
 8঑ঢ ঍ঘ ঠ঎ জঝঞ঍ঢ $ FMFHBOT  
" SPVOE XPSN $BFOPSIBCEJUॷ FMFHBOTXBT ୮ୢSTU JTPMBUFE BOE EFTDSJCFE BU UIF UVSO PG UIF UI DFOUVSZ
CZ &NJMJF .BVQBT  CVU JU XBT OPU VOUJM 4ZEOFZ #SFOOFS TUBSUFE XPSLJOH XJUI JU  IBMG B DFOUVSZ
BHP XIFO JU CFDBNF POF PG UIF NPEFM PSHBOJTNT JO CJPMPHZ 5IJT TNBMM 	NN JO MFOHUI
 GSFFMJWJOH
OPOQBSBTJUJD IFSNBQISPEJUJD OFNBUPEF DBO CF FBTJMZ DVMUJWBUFE JO B MBCPSBUPSZ XIFSF JU GFFET PO
CFOJHO & DPMJ CBDUFSJB *UT TIPSU SFQSPEVDUJWF DZDMF 	 EBZT
 BOE UIF GBDU UIBU FBDI IFSNBQISPEJUF
DBO MBZ VQ UP  FHHT FOBCMFT SFTFBSDIFST UP HSPX MBSHF DMPOBM QPQVMBUJPOT JO B TIPSU TQBO PG UJNF
'VSUIFSNPSF UIF USBOTQBSFOU OBUVSF PG UIF PSHBOJTN MFOU JUTFMG UP FBTZ PCTFSWBUJPO

5IJT FBTF PG NBOJQVMBUJPO PG UIJT PSHBOJTN IBT MFE UP NBKPS CSFBLUISPVHIT JO CJPMPHZ *O  B
DPNQMFUF EFWFMPQNFOUBM MJOFBHF PG BMM  DFMMT IBT CFFO EFUFSNJOFE BOE JU UVSOFE PVU UIBU UIJT DPN
QMJDBUFE QSPDFTT XBT JOWBSJBOU CFUXFFO DPOTQFDJ୮ୢDT  4IPSUMZ BG୴FS UIBU B DPNQMFUF NBQ PG BMM OFV
SPOT BOE UIFJS DPOOFDUJPOT IBT CFFO EFUFSNJOFE CZ B TFSJFT PG DSPTT TFDUJPOBM NJDSPHSBQIT 
6OUJM OPX JU TUJMM SFNBJOT UIF POMZ PSHBOJTN XIPTF DPNQMFUF DPOOFDUPNF JT LOPXO 'JOBMMZ JO 
$ FMFHBOTXBT UIF ୮ୢSTU BOJNBM XIPTF HFOPNF XBT TFRVFODFE  XIJDI MBJE HSPVOEXPSL GPS DPNQMFU
JOH UIF )VNBO (FOPNF 1SPKFDU ୮ୢWF ZFBST MBUFS BOE SFWFBMFE UIBU ॎ PG HFOFT PG $ FMFHBOTXFSF
IPNPMPHPVT UP IVNBOؠT
/PX SFTFBSDIFST TUVEZ BMNPTU FWFSZ BTQFDU PG $ FMFHBOT  GSPN NPMFDVMBS BOE EFWFMPQNFOUBM
CJPMPHZ UP CFIBWJPS BOE FWPMVUJPO BOE UIF PQFO TPVSDF TQJSJU PG UIF TDJFOUJ୮ୢD DPNNVOJUZ 	FYQSFTTFE
UISPVHI PQFO BOE DPMMBCPSBUJWF QSPKFDUT MJLF 8PSN#PPL  8PSN"UMBT BOE 8PSN#BTF
 NBEF
UIF OFNBUPEF FBTJMZ BDDFTTJCMF UP OPOCJPMPHJTUT BT B SFTFBSDI UPPM
 1ঊঝ঑ঘঐ঎গ ঍঎ঝ঎ঌঝ঒ঘগ ঊগ঍ ঊটঘ঒঍ঊগঌ঎
$ FMFHBOT IFSNBQISPEJUF IBT  OFVSPOT UIBU DPOUSPM WBSJPVT NVTDMF DPOUSBDUJPOT JOUFHSBUF FO
WJSPONFOUBM TUJNVMJ BOE BDU BT TFOTPST JO UIF JOUFSGBDF CFUXFFO UIF BOJNBM BOE JUT FOWJSPONFOU 
%FTQJUF UIF TJNQMJDJUZ PG $ FMFHBOT OFVSBM TZTUFN UIF OFNBUPEF JT DBQBCMF PG B XJEF BSSBZ PG DPN
QMFY CFIBWJPST 'PS FYBNQMF UIF XPSN JT BCMF UP EJTDSJNJOBUF CFUXFFO OVUSJUJPVT CBDUFSJBM GPPE BOE
MFUIBM QBUIPHFOT XIJDI JT DSVDJBM GPS JUT TVSWJWBM JO UIF NJDSPPSHBOJTNSJDI FOWJSPONFOU UIBU JU PDDV
QJFT 
6QPO FYQPTVSF UP TPNF OPWFM QBUIPHFOJD CBDUFSJB $ FMFHBOT JT JOJUJBMMZ BUUSBDUFE 	'JH B
 UP UIF
NJDSPPSHBOJTN 	QSFTVNBCMZ CFDBVTF JU JT UIF POMZ TPVSDF PG GPPE JO UIFTF MBCPSBUPSZ DPOEJUJPOT

CVU BG୴FS TFWFSBM IPVST JU TUBSUT UP BDUJWFMZ BWPJE JU 	'JH C
 5IF OFNBUPEFT XFSF IZQPUIFTJ[FE UP
EFUFDU B QBSUJDVMBS DIFNJDBM DPNQPVOE BTTPDJBUFE XJUI UIF QBUIPHFO BOE VTF JU UP FWBEF UIF EBOHFS

Figure 1.1: $ FMFHBOT nematodes (bright wiggles) feeding on PA14 bacteria (faint circle in themiddle) in a standard
avoidance experiment. (A) shows early stages of the experiment whenworms are attracted to the pathogen and spend
most of the time in the bacteria. (B) shows later stages of the experiment whenworms avoid the bacteria.
0OF DBO UIJOL PG QBUIPHFO BWPJEBODF BT UIF ୮ୢSTU MJOF PG EFGFOTF JO UIF OFNBUPEFؠT JNNVOJUZ IFMQJOH
JU TBWF FOFSHZ JOWPMWFE JO QSPEVDUJPO PG FYQFOTJWF BOUJWJSVMFODF GBDUPST
5IJT QIFOPNFOPO XBT ୮ୢSTU PCTFSWFE JO $ FMFHBOT 4 NBSDFTDFOT TZTUFN  XIFSF JU XBT TVCTF
RVFOUMZ GPVOE UIBU UIF OFNBUPEFT BWPJE B QBSUJDVMBS CJPTVSGBDUBOU 	DZDMJD MJQPEFQTJQFOUBQFQUJEF
TFSSBXFUUJO 8
 QSPEVDFE CZ UIF CBDUFSJB  5IF DIFNJDBM DPNQPVOE XBT SFDPHOJ[FE CZ UIF XPSNT
UISPVHI "8# PMGBDUPSZ OFVSPO
*O BOPUIFS FYBNQMF $ FMFHBOT  UIBU BSF VTVBMMZ BUUSBDUFE UP BDZMBUFE IPNPTFSJOF MBDUPOFT 	")4-

BVUPJOEVDFST XFSF TIPXO UP BWPJE UIFN GPMMPXJOH B QSFFYQPTVSF UP 1 BFSVHJOPTB 1"0 CBDUFSJB 
")4- BVUPJOEVDFST NFEJBUF RVPSVN TFOTJOH UIBU DPOUSPMT QSPEVDUJPO PG WJSVMFODF GBDUPST PG 1"0
XIJDI JO OPSNBM DPOEJUJPOT JT MFUIBM UP UIF XPSNT 5IF OFNBUPEFT JO UIFTF BTTBZT XFSF BCMF UP BTTP
DJBUF ")4- BVUPJOEVDFST XJUI UIF UISFBU
.PSF SFDFOUMZ JU XBT TIPXO UIBU BOPUIFS TUSBJO PG 1TFVEPNPOॵ  1" QSPEVDFT UXP TFDPOEBSZ
NFUBCPMJUFT 	QIFOB[JOF$BSCPYBNJEF BOE QZPDIFMJO
 UIBU VQSFHVMBUF FYQSFTTJPO PG %"' MJH
BOE  JO "4+ TFOTPSZ OFVSPOT PG $ FMFHBOT GFFEJOH PO UIF CBDUFSJB 5IJT JO UVSO SFQSFTTFT %"' JO
BOPUIFS TFU PG OFVSPOT 3*.3*$ BOE QSPNPUFT UIF OFNBUPEF MFBWJOH UIF CBDUFSJBM MBXO  5IF

EJTDPWFSZ PG UIJT QBUIXBZ XBT QBSUJDVMBSMZ JOUFSFTUJOH CFDBVTF JU SFMBUFT QBUIPHFO BWPJEBODF UP BO
BSSBZ PG PUIFS CFIBWJPST  UIBU EBG JT SFTQPOTJCMF GPS TVDI BT PYZHFO TFOTBUJPO  BHHSFHBUJPO  BOE
QIFSPNPOF EFUFDUJPO 
5IFTF BSF UISFF FYBNQMFT PG QBUIPHFOBTTPDJBUFE NPMFDVMBS QBUUFSO  	1".1
 TUSBUFHZ XIFSF
B DFMMVMBS SFDFQUPS SFDPHOJ[FT B TQFDJ୮ୢD NJDSPCJBM QFQUJEF PS B UPYJO 	JO UIFTF DBTFT TFSSBXFUUJO 8
")4- BVUPJOEVDFST PS UIF UXP QIFOB[JOFT
 BOE UIFO MFBET UP B CFIBWJPSBM PS JNNVOF SFTQPOTF
5IJT SFTQPOTF DPVME CF QBUIPHFO TQFDJ୮ୢD CVU JU XJMM OPU BMMPX $ FMFHBOT UP NPVOU B EFGFOTF BHBJOTU B
XJEFS SBOHF PG JOWBEFST
"O BMUFSOBUJWF QBUIPHFO EFUFDUJPO TUSBUFHZ NBZ BMTP CF JOWPMWFE JO $ FMFHBOT 1 BFSVHJOPTB 1"
TZTUFN 5IJT PQQPSUVOJTUJD QBUIPHFO JT BCMF UP QFOFUSBUF UIF XPSNؠT JOUFTUJOF JOUBDU BOE JOBDUJWBUF
OFNBUPEFؠT DPSF DFMMVMBS QSPDFTTFT WJB UIF FOEPDZUPTFE USBOTMBUJPO JOIJCJUPS &YPUPYJO "  XIJDI
MFBET UP VQSFHVMBUJPO PG TPNF JNNVOF QBUIXBZT 5IJT NFDIBOJTN JT BU XPSL FWFO JO UIF BCTFODF
PG B QBUIPHFO JUTFMG BT BO BOBMPHPVT JOBDUJWBUJPO PG XPSNؠT WBSJPVT DFMMVMBS QSPDFTTFT 	USBOTDSJQUJPO
USBOTMBUJPO TFDSFUJPO FUD
 UISPVHI 3/"J FYQSFTTJOH &DPMJ TUSBJO  UIBU JT PUIFSXJTF JOOPDVPVT
IBT MFE UP QBUIPHFO BWPJEBODF CFIBWJPS TJNJMBS UP POF FYIJCJUFE JO DBTF PG 1" TUSBJO 5IJT JOGFD
UJPO SFTQPOTF TUSBUFHZ JT B EBNBHFBTTPDJBUFE NPMFDVMBS QBUUFSO 	%".1
 BOE JO QSJODJQMF DBO CF
F୭GFDUJWF JO DBTF PG CSPBE SBOHF PG BUUBDLFST FTQFDJBMMZ POFT UIBU UIF OFNBUPEF IBE OPU FODPVOUFSFE
CFGPSF PS EJE OPU FWPMWF NPSF TQFDJ୮ୢD NFDIBOJTNT UP EFBM XJUI UIFN
 "ট঎ছজ঒ট঎ ক঎ঊছগ঒গঐ
"OPUIFS DBTF JO XIJDI $ FMFHBOT DIBOHFT JUT OBJWF CFIBWJPS VQPO QSFFYQPTVSF UP B QBUIPHFO JT
LOPXO BT BWFSTJWF MFBSOJOH  *O UIFTF FYQFSJNFOUT $ FMFHBOT BSF QMBDFE PO B QMBUF JO CFUXFFO
UXP EJ୭GFSFOU CBDUFSJBM MBXOT MPDBUFE BU UIF PQQPTJUF TJEFT PG UIF EJTI 	JO DPOUSBTU UP BWPJEBODF FY
QFSJNFOUT EFTDSJCFE JO UIF QSFWJPVT TFDUJPO XIFSF QBUIPHFOJD CBDUFSJB XFSF UIF POMZ TPVSDF PG

GPPE
 5IF OFNBUPEFT BSF UIFO BCMF UP NPWF UPXBSE POF PS UIF PUIFS TPVSDFT PG GPPE EFQFOEJOH
PO UIFJS QSFGFSFODF 8IFO HJWFO B DIPJDF PG & DPMJ01 	TUBOEBSE MBCPSBUPSZ $ FMFHBOT GPPE
 BOE B
QBUIPHFO 1 BFSVHJOPTB 1" UIF XPSNT IBWF B TMJHIU QSFGFSFODF GPS 1" )PXFWFS JG UIF BOJNBMT
TQFOE TFWFSBM IPVST PO 1" JNNFEJBUFMZ CFGPSF UIF DIPJDF BTTBZ UIFJS QSFGFSFODF DIBOHFT NBSLFEMZ
BOE USBJOFE OFNBUPEFT NPWF UPXBSE 01 GPPE
5IJT TJNQMF BTTBZ DPVME CF VTFE UP FMVDJEBUF UIF SPMF PG QBSUJDVMBS OFVSPOT BOE DPOOFDUJPOT JO
BWFSTJWF MFBSOJOH CFIBWJPS 5P ୮ୢOE XIFUIFS B QBSUJDVMBS OFVSPO JT OFDFTTBSZ JO UIF QSPDFTT POF DPVME
VTF B HFOFUJD LOPDLPVU BOJNBM  XJUI B NVUBUJPO JO B HFOF SFTQPOTJCMF GPS B EJ୭GFSFOUJBUJPO PG UIF
DFMM )PXFWFS NVUBOUT MJLF UIJT FYJTU POMZ GPS B MJNJUFE OVNCFS PG OFVSPOT TP UP LOPDLPVU UIF
SFNBJOJOH POFT POF IBT UP SFTPSU UP MBTFS BCMBUJPO  *O UIJT UFDIOJRVF JOEJWJEVBM BOJNBMT FYQSFTT
JOH B ୯୳VPSFTDFOU SFQPSUFS  JO UIF OFVSPO PG JOUFSFTU BSF NPVOUFE PO B NJDSPTDPQF TMJEF BOE UIFO
BCMBUFE XJUI B GFNUPTFDPOE MBTFS 5IF UJTTVF BSPVOE UIF OFVSPO JT MFG୴ JOUBDU 'JOBMMZ UP TUVEZ UIF
BDUJWJUZ PG JOEJWJEVBM OFVSPOT ($B.1  QSPCFT BSF VTFE 5IFTF QSPUFJOT QSPEVDF B ୯୳VPSFTDFOU
TJHOBM EFQFOEFOU PO $B+ DPODFOUSBUJPO JO B DFMM XIJDI FOBCMFT BO PQUJDBM JOUFSSPHBUJPO PG QPMBSJ[B
UJPO TUBUFT PG UIF OFVSPO
6TJOH UIFTF UFDIOJRVFT JU XBT TIPXO UIBU UP FTUBCMJTI JUT OBJWF QSFGFSFODF GPS 1" PWFS 01 
$ FMFHBOT VTFT UISFF TFOTPSZ OFVSPOT "8# "8$ BOE "%' UP HBUIFS FOWJSPONFOUBM DVFT UIBU BSF
UIFO QSPDFTTFE CZ TFWFSBM JOUFSOFVSPOT 	"*: "*; "*# BOE 3*.
  BOE UIF PVUQVU JT SFMBZFE UP
B DMBTT PG NPUPS OFVSPOT 	4.%
  5IJT BSSBOHFNFOU BMMPXT UIF BOJNBM UP USBOTMBUF EJ୭GFSFOU HSB
EJFOUT PG DIFNJDBM PEPSBOUT FNJUUFE CZ UXP EJ୭GFSFOU CBDUFSJBM MBXOT JOUP B NFDIBOJTUJD DIPJDF GPS
UIF EJSFDUJPO PG NPWFNFOU 6QPO USBJOJOH UIF OBJWF DJSDVJU JT TUJMM JOUBDU CVU CFDPNFT NPEVMBUFE CZ
UIF BDUJPO PG BO JOUFSOFVSPO 3*" UIBU NBLFT TZOBQUJD DPOOFDUJPOT POUP 4.% 5IJT NPEVMBUPSZ DJS
DVJU JT BDUJWBUFE CZ UXP BOUBHPOJTUJD JOTVMJOMJLF OFVSPQFQUJEFT  HFOFSBUFE JO UXP TFQBSBUF TFOTPSZ
OFVSPOT 	"4+ "4*
 BDUJOH QPTUTZOBQUJDBMMZ PO 3*" JUTFMG 
'VSUIFSNPSF UIJT NFDIBOJTN NJHIU CF NPSF VOJWFSTBM UIBO KVTU B DIPJDF CFUXFFO 01 BOE

1" BT TJNJMBS BWFSTJWF MFBSOJOH CFIBWJPS XBT PCTFSWFE XIFO $ FMFHBOTXBT HJWFO B DIPJDF CFUXFFO
01 BOE 4 BVSFॸ  BOE. OFNBUPQIJMVN BOE UXP 1 BFSVHJOPTB TUSBJOT 

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1IFOPNFOPMPHZ PG DPMMFDUJWF BWPJEBODF
*O UIJT DIBQUFS XF XPVME MJLF UP FTUBCMJTI UIBU QBUIPHFO BWPJEBODF JT B CFIBWJPS EFQFOEFOU PO DPN
NVOJUZ PG JOUFSBDUJOH OFNBUPEFT 8F XJMM BQQSPBDI UIJT QSPCMFN CZ TIPXJOH UIBU UIF BWPJEBODF
EFQFOET PO UIF XPSN QPQVMBUJPO EFOTJUZ 5IJT XBT ୮ୢSTU IJOUFE BU UFO ZFBST BHP CVU OP FWJEFODF
XBT QSFTFOUFE BU UIF UJNF
8F ୮ୢSTU PCTFSWFE TVDI EFOTJUZ EFQFOEFODF JO SPVUJOF TVSWJWBM FYQFSJNFOUT *O UIFTF BTTBZT XF
TIPXFE UIBU XPSNT JO MBSHFS HSPVQT XFSF BCMF UP PVUMJWF BOJNBMT FYQPTFE UP UIF TBNF QBUIPHFO JO
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Figure 2.1: Survival curves for solitary andmultiple (25-60) N2worms feeding on PA14 bacteria. The solitary worms
die 7h earlier thanworms in groups (Q < − using a log-rank test).
JTPMBUJPO GSPN PUIFS OFNBUPEFT .PSF QSFDJTFMZ XF DBSSJFE PVU B TUBOEBSE TMPX LJMMJOH BTTBZ  PO 
QMBUFT DBSSZJOH  XPSNT 	 XPSNT JO UPUBM
 BOE PWFS  QMBUFT IBSCPSJOH TPMJUBSZ XPSNT 8F
USBDLFE UIF OVNCFS PG TVSWJWJOH BOJNBMT PWFS UJNF 	'JH 
 BOE GPVOE UIBU UIF IBMGMJGF PG HSPVQT
PG XPSNT XBT  IPVST BOE PG TPMJUBSZ XPSNT XBT  IPVST B ॎ EJ୭GFSFODF 	Q < − VTJOH B MPH
SBOL UFTU
 5IJT TVHHFTUFE UIBU JOEFFE XPSNT FYQPTFE UP B QBUIPHFOJD 1" CBDUFSJVN JO TNBMMFS
HSPVQT XFSF NPSF TVTDFQUJCMF UP JOGFDUJPO
5IJT EFOTJUZ EFQFOEFODF PG TVSWJWBM DPVME CF FYQMBJOFE CZ UXP GVSUIFS PCTFSWBUJPOT  EFOTJUZ
EFQFOEFODF PG QBUIPHFO BWPJEBODF XIJDI XF XJMM FTUBCMJTI JO UIF OFYU TFDUJPO BOE UIF SFMBUJPO CF
UXFFO QBUIPHFO BWPJEBODF BOE TVSWJWBM XIJDI XBT TVHHFTUFE KVTU B GFX ZFBST BHP  *O UIBU TUVEZ
$ FMFHBOT IBWF CFFO FYQPTFE UP 1" CBDUFSJB JO UXP EJ୭GFSFOU DPOEJUJPOT TUBOEBSE MBXO 	UIF MBXO
PDDVQJFE POMZ B TNBMM GSBDUJPO PG UIF QMBUF UIF SFTU XBT DMFBS PG UIF QBUIPHFO
 BOE UIF GVMM MBXO 	UIF
FOUJSF TVSGBDF PG UIF QMBUF XBT DPWFSFE XJUI UIF QBUIPHFO
 BOE JU XBT TIPXO UIBU UIF XJME UZQF /
XPSNT EJFE GBTUFS PO GVMM MBXOT 5IF EJ୭GFSFODF XBT BUUSJCVUFE UP UIF GBDU UIBU PO GVMM MBXOT $ FM

FHBOTXFSF VOBCMF UP QIZTJDBMMZ BWPJE UIF QBUIPHFO XIJDI JODSFBTFE UIFJS FYQPTVSF BOE BDDFMFSBUFE
UIF JOGFDUJPO QSPDFTT 5IF JNQMJDBUJPO XBT UIFSFGPSF UIBU QBUIPHFO BWPJEBODF CZ JUTFMG XPVME JO
DSFBTF $ FMFHBOT TVSWJWBM
*O UIF GPMMPXJOH TFDUJPO XF XJMM TIPX UIBU JODSFBTJOH UIF QPQVMBUJPO TJ[F PG OFNBUPEFT FYQPTFE
UP UIF 1" QBUIPHFO BDDFMFSBUFT UIFJS BWPJEBODF UISPVHI NPEJ୮ୢDBUJPO PG UIF CBDUFSJBM MBXO
 2ঞঊগঝ঒ঝঊঝ঒ট঎ খ঎ঊজঞছ঎খ঎গঝ ঘএ ঙঊঝ঑ঘঐ঎গ ঊটঘ঒঍ঊগঌ঎
5P SFTPMWF NPSF EJSFDUMZ XIFUIFS EJ୭GFSFOU QPQVMBUJPOT PG $ FMFHBOT FYIJCJU EJ୭GFSFOU SBUFT PG QBUIPHFO
BWPJEBODF XF EFDJEFE UP CVJME BO BVUPNBUFE JNBHJOH TZTUFN 5IJT XBT OFDFTTBSZ CFDBVTF CFIBWJPSBM
FYQFSJNFOUT JO MJWJOH TZTUFNT BSF OPUPSJPVTMZ OPJTZ BOE XF OFFEFE UP GPMMPX NBOZ SFQMJDBUFT PG UIF
TBNF DPOEJUJPO TJNVMUBOFPVTMZ UP DPVOUFS UIF TUBUJTUJDBM OPJTF 'VSUIFSNPSF QBUIPHFO BWPJEBODF
JT BO JOIFSFOUMZ EZOBNJD QSPDFTT XIFSF B USBOTJUJPO GSPN JOJUJBM BUUSBDUJPO UP TVCTFRVFOU SFQVMTJPO
PG $ FMFHBOT UP UIF CBDUFSJB IBQQFOT PWFS B SFMBUJWFMZ TIPSU BNPVOU PG UJNF BOE UIFSFGPSF XF OFFEFE
B XBZ UP GPMMPX UIF XPSNT BU TIPSU JOUFSWBMT " NBOVBM BTTBZ JT TV୭୮ୢDJFOU GPS TVSWJWBM FYQFSJNFOUT
XJUI 1" XIFSF BOJNBMT BSF EZJOH PWFS UIF QFSJPE PG I BOE POF JT BCMF UP DPVOU UIF XPSNT PO
B GFX EP[FO QMBUFT FWFSZ I 'PS BWPJEBODF FYQFSJNFOUT XF OFFEFE UP IBWF B NVDI ୮ୢOFS UJNF SFT
PMVUJPO "O BEEFE BEWBOUBHF PG UIJT BQQSPBDI JT UIBU JU XPVME BMMPX VT UP DIBSBDUFSJ[F BWPJEBODF
CFIBWJPS JO BO VOCJBTFE 	JOEFQFOEFOU PG QFSTPOBM KVEHNFOUT EVSJOH NBOVBM DPVOUJOH QSPDFTT
 BOE
RVBOUJUBUJWF GBTIJPO
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5P UIJT FOE XF DPOTUSVDUFE BO BVUPNBUJD 9: TUBHF 	QSPQFMMFE JO BMM UISFF EJSFDUJPOT XJUI TUFQQFS NP
UPST
 XJUI B DPOTVNFS HSBEF .1 DPMPS DBNFSB UIBU USBWFSTFT BO BSSBZ PG  BTTBZ QMBUFT BU SFHVMBS
NJOVUF JOUFSWBMT 	'JH 
 5IF QMBUFT XFSF JMMVNJOBUFE CZ B DJSDVMBS BSSBZ PG SFE -&% MJHIUT 	BT

Figure 2.2: XY stage with NikonD60 camera and LED ring underneath loadedwith 48 plates.
IJHIFS GSFRVFODZ MJHIU OFHBUJWFMZ B୭GFDUT UIF XPSNT
 QFSNBOFOUMZ TVTQFOEFE VOEFS UIF DBNFSB
5IF FOUJSF 9: TUBHF XBT LFQU JO B DBSECPBSE CPY TP UIF -&% SJOH XBT UIF POMZ TPVSDF PG MJHIU #F
GPSF FBDI QIPUPHSBQI XBT UBLFO UIF DBNFSB-&% SJH BTTFNCMZ XBT MPXFSFE TP UIBU UIF -&% BYFT
BOE UIF GPDBM QMBOF PG UIF DBNFSB XFSF PWFSMBQQJOH XJUI UIF TVSGBDF PG UIF BHBS 8F VTFE B TQFDJBM
NN DMPTF VQ MFOT DBQBCMF PG GPDVTJOH BU B EJTUBODF PG MFTT UIBO DN XIJDI BMMPXFE VT UP PQUJNBMMZ
VUJMJ[F UIF $$% TFOTPS BOE QSPEVDF JNBHFT BU Y UP Y QJYFMT JO TJ[F
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8F VTFE B NPEJ୮ୢFE TMPX LJMMJOH 	4,
 QSPUPDPM GPS UIF NFEJB CBDUFSJB BOE $ FMFHBOT QSFQBSBUJPO 
5IF XPSNT XFSF NBJOUBJOFE BU $ 	XJUI UIF FYDFQUJPO PG NVUBOUT TFOTJUJWF UP IJHIFS UFNQFSB
UVSF XIJDI XFSF LFQU BU $
 PO TUBOEBSE /(. QMBUFT TVQQMFNFOUFE XJUI 4USFQUPNZDJO BOE GFE
XJUI 01 CBDUFSJB #FGPSF BO BWPJEBODF FYQFSJNFOU $ FMFHBOTXPSNT XFSF TZODISPOJ[FE VTJOH
B TUBOEBSE CMFBDIJOH QSPUPDPM  BOE UIFO BMMPXFE UP EFWFMPQ GPS I BU $ PO /(. QMBUFT XJUI
01 CBDUFSJB 	VOMFTT PUIFSXJTF JOEJDBUFE
 *O UIFTF DPOEJUJPOT UIF XJME UZQF / XPSNT EFWFMPQFE

UP BEVMUT UIBU XFSF PO UIF WFSHF PG TUBSUJOH UP MBZ FHHT 5IF UFNQFSBUVSF TFOTJUJWF 5+ XPSNT
	XIJDI XFSF VTFE GPS BMM FYQFSJNFOUT JO UIJT DIBQUFS BQBSU GSPN UIF TVSWJWBM FYQFSJNFOUT
 XFSF TUFSJMF
BU $ CVU PUIFSXJTF EFWFMPQFE BU UIF TBNF SBUF BT /
'PS BWPJEBODF FYQFSJNFOUT XJUI QBUIPHFOJD CBDUFSJB XF JOPDVMBUFE B TJOHMF DPMPOZ PG 1" JO
NM 4, MJRVJE NFEJVN 	TBNF DPNQPTJUJPO BT TUBOEBSE 4, NFEJVN XJUI UIF FYDFQUJPO PG "HBS
DIPMFTUFSPM BOE $B$M
 JO B NM ୯୳BTL BOE UIFO JODVCBUFE PWFSOJHIU 	I
 PO B TIBLFS BU $
5IF CBDUFSJB XFSF UIFO DPODFOUSBUFE Y BOE ɉM XBT JOPDVMBUFE JOUP UIF NJEEMF PG B TUBOEBSE 4,
NN QMBUF BOE MFG୴ UP ESZ GPS I "G୴FS UIBU  XPSNT XFSF NPWFE VTJOH B QMBUJOVN QJDL GSPN
/(. HSPXUI QMBUFT UP UIF NJEEMF PG UIF 1" MBXO 5IF SFDPSEJOH PG UIF CFIBWJPS TUBSUFE BQQSPYJ
NBUFMZ NJO BG୴FS UIF XPSNT IBE CFFO QJDLFE
" TUBOEBSE BWPJEBODF FYQFSJNFOU QSPEVDFE  QIPUPHSBQIT QFS QMBUF 	 JNBHFT QFS  QMBUFT
JO BO FYQFSJNFOU
 BU  NJOVUF JOUFSWBMT 	I NJO JO UPUBM
 5IF JNBHFT XFSF TBWFE JO UIF CJU
/JLPO QSPQSJFUBSZ GPSNBU /&' XIJDI XBT TVCTFRVFOUMZ USBOTGPSNFE FYUSBDUFE DSPQQFE BOE TBWFE
BT B CJU 5*'' VTJOH *NBHF.BHJDL TPG୴XBSF "O FYBNQMF PG UIF JNBHF BU UIJT TUBHF DBO CF TFFO JO
'JH "
 *খঊঐ঎ ঊগঊকঢজ঒জ
5IF SFNBJOJOH BOBMZTJT JT EPOF JO .BUMBC VTJOH IFVSJTUJD TFNJBVUPNBUJD XPSL୯୳PX 'JSTU UIF PSJH
JOBM CBDUFSJBM MBXO JT JEFOUJ୮ୢFE 	'JH #
 VTJOH UIF TBUVSBUJPO EJ୭GFSFODF CFUXFFO UIF CBDUFSJB BOE
UIF CBDLHSPVOE "VUPNBUJDBMMZ HFOFSBUFE MBXOT BSF UIFO WFSJ୮ୢFE NBOVBMMZ BOE DPSSFDUFE JG OFDFT
TBSZ *O HFOFSBM UIF CPVOEBSZ PG UIF MBXO JT ESBXO TMJHIUMZ PVUTJEF 	∼ QJYFMT
 UIF BDUVBM MBXO TP
UIBU UIF XPSNT UIBU BSF POMZ QBSUJBMMZ JO DPOUBDU XJUI UIF CBDUFSJB BSF TUJMM DPVOUFE BT CFJOH JOTJEF
UIF MBXO 	B UZQJDBM MFOHUI PG B XPSN JO UIJT TFU VQ XBT  QJYFMT
 5IFO UIF XPSL୯୳PX JEFOUJ୮ୢFT
BSFBT PG UIF JNBHF UIBU DIBOHFE TJODF QSFWJPVT UJNF QPJOU CZ UBLJOH B EJ୭GFSFODF CFUXFFO TVDDFTTJWF
GSBNFT BOE TFMFDUJOH MBSHF DPOOFDUFE DMVTUFST 	'JH $%
 'JOBMMZ B MJTU PG IFVSJTUJD TVCSPVUJOFT ୮ୢM

Figure 2.3: Gray scale TIFF images (A) are analyzed using a heuristicMatlab workﬂow to ﬁnd the location of the orig-
inal lawn (B), worms inside (C) and outside (D) the lawn and an estimation of the number of worms in the highlighted
areas (E).
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UFST PVU BSFBT VOMJLFMZ UP SFQSFTFOU XPSNT 	CBTFE PO TJ[F TIBQF BOE MPDBUJPO
 BOE BTTJHO B OVNCFS
PG FYQFDUFE XPSNT JO BOZ HJWFO DMVTUFS CBTFE PO BSFB 	'JH &
 0ODF BMM XPSNT BSF DPVOUFE PO BMM
QMBUFT BU FBDI QPJOU PG UJNF XF EF୮ୢOF B RVBOUJUZ BWPJEBODF BU B HJWFO UJNF QPJOU BT UIF GSBDUJPO PG
XPSNT PO FBDI QMBUF UIBU XFSF GPVOE PVUTJEF UIF PSJHJOBM MBXO BU UIBU UJNF BWFSBHFE PWFS BMM SFQMJDB
QMBUFT 4JODF XPSNT XFSF JOJUJBMMZ BUUSBDUFE UP UIF CBDUFSJB UIF LJOFUJDT PG BWPJEBODF CFIBWJPS XBT
DIBSBDUFSJ[FE CZ BO JODSFBTF JO BWPJEBODF GSPN  	'JH "
 UP TPNF ୮ୢOBM GSBDUJPO 	'JH #

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'JH  TIPXT B DIBSBDUFSJTUJD CFIBWJPS PG B XPSN QPQVMBUJPO PO BO 4, QMBUF TFFEFE XJUI 1" CBD
UFSJB *O UIF ୮ୢSTU  IPVST PG UIF FYQFSJNFOU BMM 	PS NPTU
 PG UIF XPSNT SFNBJOFE XJUIJO UIF DPO
୮ୢOFT PG UIF CBDUFSJBM MBXO BOE WFSZ SBSFMZ FYQMPSFE UIF QBSU PG UIF QMBUF PVUTJEF *O UIF JOJUJBM 
IPVST XPSNT TIPXFE B DMFBS QSFGFSFODF GPS UIF DJSDVNGFSFODF PG UIF MBXO XIFSF JU XBT UIF UIJDL
FTU 	EVF UP B أDP୭GFF TUBJO F୭GFDUأ
 BT UIF CBDUFSJBM MBXO UIJDLFOFE JOTJEF UIF XPSNT NPWFE JOXBSE
)PXFWFS JO UIF TFDPOE IBMG PG UIF FYQFSJNFOU BO JODSFBTJOH OVNCFS PG XPSNT XFSF GPVOE PVUTJEF
UIF MBXO 5IJT أBWPJEBODFأ CFIBWJPS JT VOJRVF UP MBXOT PG QBUIPHFOJD CBDUFSJB 0O DPOUSPM QMBUFT
TFFEFE XJUI CFOJHO & DPMJ)# XPSNT EJE OPU MFBWF UIF MBXO GPS UIF EVSBUJPO PG UIF FYQFSJNFOU
	'JH 
 "U UIF TBNF UJNF OPUJDFBCMF DIBOHFT PDDVSSFE JO UIF CBDUFSJBM MBXO XIJDI ୮ୢSTU CFDBNF
UIJDLFS BOE UIFO BSPVOE  IPVST JOUP UIF FYQFSJNFOU CFHBO TQSFBEJOH CFZPOE JUT PSJHJOBM DJSDV
MBS TIBQF "T CBDUFSJB XFSF VOBCMF UP TXJN PS TXBSN JO UIF IBSE BHBS NFEJVN XF BUUSJCVUFE UIFJS
TQSFBE UP DSBXMJOH XPSNT 	JOEJWJEVBM CBDUFSJBM DFMMT DPVME FBTJMZ BUUBDI UIFNTFMWFT UP UIF DVUJDMF PG
UIF BOJNBM
 DBSSZJOH UIF NJDSPPSHBOJTN PVUTJEF PG UIF MBXO XIJDI UIFO NVMUJQMJFE BOE GPSNFE OFX
DPMPOJFT BXBZ GSPN UIF TPVSDF
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Figure 2.4: Standard avoidance experiment with solitary worms exposed to pathogenic PA14 (solid line) and to benign
& DPMJHB101. Worms avoid the dangerous PA14 but they do not avoid harmless HB101.
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5P WFSJGZ JG UIF QBUIPHFO BWPJEBODF JT EFQFOEFOU PO UIF XPSN QPQVMBUJPO TJ[F XF QMBDFE  TUFSJMF
5+ BOJNBMT PO NVMUJQMF SFQMJDBUF QMBUFT BOE USBDLFE UIFJS QPTJUJPOT 'JH  TIPXT UIF BWPJEBODF
DVSWFT GPS FBDI HSPVQ TJ[F "MM DVSWFT TUBSU BU  	JF BMM XPSNT BSF XJUIJO UIF CBDUFSJBM MBXO
 BOE PWFS
 IPVST JODSFBTF BOE TBUVSBUF UP B ୮ୢOJUF GSBDUJPO G5 BU MBUF UJNFT 	CFUXFFO  IPVST EFQFOEJOH
PO DPOEJUJPOT
 5IF WBMVF PG G5 JODSFBTFT TZTUFNBUJDBMMZ XJUI UIF JODSFBTJOH OVNCFS PG XPSNT GSPN
 GPS JTPMBUFE XPSNT UP  GPS B DPNNVOJUZ PG  XPSNT PO B QMBUF
*O BMM DBTFT XIFO UIF OVNCFS PG XPSNT QFS QMBUF XBT MFTT UIBO  BMM XPSNT SFNBJOFE JO UIF MBXO
VOUJM BSPVOE U = I "U UIJT UJNF XPSNT TUBSUFE UP MFBWF UIF MBXO BOE UIF BWPJEBODF JODSFBTFE UP
UIF ୮ୢOBM MFWFM G5 BU UJNFT MBSHFS UIBO I
5IF BWPJEBODF DVSWFT PCUBJOFE GPS HSPVQT PG  PS NPSF BOJNBMT PO B QMBUF TVHHFTU UIBU GPS TVDI
HSPVQT MBXO MFBWJOH PDDVST JO UXP TUBHFT "G୴FS∼ I TNBMM OVNCFS PG BOJNBMT MFBWF UIF MBXO BOE
UIF BWPJEBODF DVSWF QMBUFBVT BU BO JOUFSNFEJBUF MFWFM XIPTF WBMVF BOE EVSBUJPO EFQFOET PO UIF TJ[F
PG UIF QPQVMBUJPO GSPN  GPS I GPS  XPSNT UP  GPS I GPS  XPSNT 5IFO UIF BWPJEBODF

200 10 30
1
0.2
0.4
0.6
0.8
Av
oi
da
nc
e
Time (h)
1
2
3
4
8
12
16
# 
wo
rm
s
Figure 2.5: PA14 avoidance byworms in groups of 1-16 animals. The pairwise differences between curves are statisti-
cally signiﬁcant, except for the pairs 1/2, 3/4, 8/12 and 12/16.
DVSWFT JODSFBTF UP UIFJS ୮ୢOBM TBUVSBUJPO WBMVFT
5P BTTFTT XIFUIFS B QBJS PG BWPJEBODF DVSWFT JT TJHOJ୮ୢDBOUMZ EJ୭GFSFOU XF VTFE BO BTZNQUPUJD WFS
TJPO PG UIF "/07" 'UFTU 5IJT UFTU BMMPXT VT UP VTF B .POUF $BSMP TJNVMBUJPO UP DBMDVMBUF B
QSPCBCJMJUZ EJTUSJCVUJPO PG UIF OVMM IZQPUIFTJT XIFO CPUI DVSWFT BSF (BVTTJBO QSPDFTTFT XJUI DP
WBSJBODF GVODUJPOT DPNQVUFE GSPN UIF EBUB *O 'JH  BMNPTU BMM DVSWFT BSF EJ୭GFSFOU QBJSXJTF BQBSU
GSPN B GFX BEKBDFOU POFT 	 BOE   BOE   BOE   BOE 

8F DPODMVEF UIBU JODSFBTJOH UIF OVNCFS PG BOJNBMT PO B QMBUF BDDFMFSBUFT BWPJEBODF  UIF EJ୭GFS
FODF CFUXFFO B TJOHMF XPSN BOE B XPSN DVSWFT BU ॎ BWPJEBODF JT  IPVST BOE JU EJNJOJTIFT
CFUXFFO TVDDFTTJWF DVSWFT BT UIF QPQVMBUJPO TJ[F HSPXT
 "টঘ঒঍ঊগঌ঎ জ঒ঐগঊক ঒জ ঍঎ঙঘজ঒ঝ঎঍ ঒গ ঝ঑঎ ঋঊঌঝ঎ছ঒ঊক কঊঠগ
5IJT QPQVMBUJPO TJ[F EFQFOEFODZ TVHHFTUT TPNF MFWFM PG DPNNVOJDBUJPO CFUXFFO DPOTQFDJ୮ୢDT 8F
UIFSFGPSF IZQPUIFTJ[FE UIBU UIF BWPJEBODF CFIBWJPS JT ESJWFO CZ B QIFSPNPOF EFQPTJUFE CZ TUSFTTFE
XPSNT EJSFDUMZ JOUP UIF CBDUFSJBM MBXO 5IJT TJHOBM XPVME CF EFUFDUBCMF CZ OBJWF XPSNT BOE JU XPVME

BDDFMFSBUF UIFJS BWPJEBODF 8F UIFSFGPSF JOWFTUJHBUFE UIF BWPJEBODF PG XPSNT PO 1" MBXO XIJDI
IBE CFFO QSFFYQPTFE UP BOPUIFS CBUDI PG OFNBUPEFT
*O UIF DPOEJUJPOJOH TUBHF PG UIFTF FYQFSJNFOUT 	'JH "
 XF QMBDFE B SJOH JO UIF NJEEMF PG UIF
QMBUF QJQFUUFE BO PWFSOJHIU DVMUVSF PG 1" JOUP UIF DFOUFS PG UIF QFUSJ EJTI BOE BG୴FS I JODVCBUJPO
USBOTGFSSFE  XPSNT 5IF NFUBM SJOH FOTVSFE UIBU UIF XPSNT TUBZFE JO UIF CBDUFSJBM MBXO GPS UIF
FOUJSF EVSBUJPO PG UIF DPOEJUJPOJOH QIBTF BOE BMTP QSFWFOUFE UIF XPSNT GSPN TQSFBEJOH UIF CBDUF
SJBM MBXO "G୴FS I I PS I XF DBSFGVMMZ SFNPWFE UIF SJOH BOE BMM UIF XPSNT BOE SFQMBDFE UIFN
XJUI B GSFTI OBJWF CBUDI PG OFNBUPEFT 	FJUIFS TJOHMF XPSNT PS HSPVQT PG 
 BOE UIFO XF USBDLFE UIF
BWPJEBODF JO UJNF
'JH # 	$
 TIPXT UIF BWPJEBODF DVSWFT GPS TJOHMF XPSNT 	 XPSNT
 /FNBUPEFT CFHJO UP
BWPJE UIF MBXO FBSMJFS PO UIF DPOEJUJPOFE QMBUFT BOE UIF F୭GFDU CFDPNFT NPSF QSPOPVODFE BT UIF
DPOEJUJPOJOH UJNF JODSFBTFT 0O DPOEJUJPOFE QMBUFT XJUI  XPSNT IBMG PG UIF QPQVMBUJPO MFG୴ UIF
MBXO VQ UP I FBSMJFS UIBO JO UIF DPOUSPM 8IFO UIF XPSNT XFSF JTPMBUFE PO UIF QMBUFT UIFZ XFSF
BCMF UP MFBWF VQ UP I FBSMJFS PO UIF DPOEJUJPOFE QMBUFT 5IJT TVQQPSUT UIF NPEFM UIBU OBJWF XPSNT
BSF BCMF UP EFUFDU UIF BWPJEBODF TJHOBM MFG୴ JO UIF MBXO CZ BO JOEFQFOEFOU TFU PG BOJNBMT
*G B QIFSPNPOF TJHOBM EFQPTJUFE JOUP UIF MBXO ESJWFT UIF BWPJEBODF CFIBWJPS XF QSFEJDUFE UIBU
JU XPVME CF NPSF EJMVUFE JO MBSHFS MBXOT BOE UIFSFGPSF UIF BOJNBMT XPVME TUBSU MFBWJOH UIF CBDUFSJB
MBUFS 5P GVSUIFS DPO୮ୢSN UIJT IZQPUIFTJT XF QSFQBSFE QMBUFT XJUI B TUBOEBSE NFUIPE BOE WBSZJOH
BNPVOUT PG CBDUFSJB 	ɉM
 UIBU QSPEVDFE MBXO TJ[FT  UP  UJNFT MBSHFS UIBO B TUBOEBSE ɉM
MBXO BOE QMBDFE  XPSNT PO FBDI QMBUF 'JH  TIPXT UIBU JOEFFE BWPJEBODF JT EFMBZFE JO MBSHFS
MBXOT 	UIF EJ୭GFSFODF CFUXFFO UIF TNBMMFTU BOE MBSHFTU MBXOT JT I
 UIVT GVSUIFS TVQQPSUJOH UIF IZ
QPUIFTJT UIBU UIF BWPJEBODF TJHOBM SFTJEFT JO UIF CBDUFSJBM MBXO
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Figure 2.6: (A) Schematic of the preconditioning experiment. (B+C) Avoidance of solitary (B) and groups of 16 (C)
worms exposed to lawns preconditioned for 12, 18 or 30 hours. The pairwise differences between curves are statisti-
cally signiﬁcant, except for control/12 hours with 16worms.
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Figure 2.7: Avoidance of 8 worms on lawns of different areas (from 0.66 to 3.43 relative to standard lawns 8-9mm in
diameter).
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*OTUFBE PG QSF FYQPTJOH UIF CBDUFSJB UP $ FMFHBOTXF DBO FYQPTF UIF XPSNT UP UIF QBUIPHFO CFGPSF
UIF BTTBZ BOE UIFO UFTU JG UIFSF JT BOZ NFNPSZ F୭GFDU JO UIF BWPJEBODF CFIBWJPS $ FMFHBOT IBWF CFFO
TIPXO UP CF DBQBCMF PG BWFSTJWF MFBSOJOH  JO B QSPDFTT JO XIJDI QSFFYQPTVSF UP 1" QSPNQUT UIF
BOJNBMT UP QSFGFS 01 CBDUFSJB UP 1" EFTQJUF BO JOOBUF QSFGFSFODF GPS UIF MBUUFS " EFUBJMFE OFV
SPOBM DJSDVJU IBT CFFO JEFOUJ୮ୢFE UIBU BMMPXT UIF BOJNBMT UP DIBOHF UIFJS QSFGFSFODF JO B DIPJDF BTTBZ
BG୴FS IMPOH USBJOJOH PO 1"  XIJDI TVHHFTUT UIBU UIF XPSNT BSF BCMF UP MFBSO OPU UP DIPPTF UIF
1" JOEFQFOEFOUMZ PG UIFJS DPOTQFDJ୮ୢDT "MUIPVHI PVS BWPJEBODF BTTBZT OFWFS QSPWJEF B DIPJDF PG
GPPE GPS UIF XPSNT UIJT MFBSOJOH NFDIBOJTN DPVME CF SFMFWBOU JO QBUIPHFO BWPJEBODF BT UIF USBJOJOH
PO 1" JO DIPJDF BTTBZT BSF TJNJMBS UP UIF ୮ୢSTU TFWFSBM IPVST PG UIF BWPJEBODF FYQFSJNFOUT
8F EFDJEFE UP ୮ୢOE PVU XIFUIFS QSFFYQPTVSF PG $ FMFHBOT UP 1" CFGPSF UIF BTTBZ XPVME BDDFM
FSBUF BWPJEBODF 5IFSFGPSF XF JOWFTUJHBUFE XPSNT USBJOFE PO 1" GPS I 	TFF 'JH 
 8F VTFE
UXP EJ୭GFSFOU USBJOJOH DPOEJUJPOT  JO أIJHI EFOTJUZ USBJOJOHأ BQQSPYJNBUFMZ  XPSNT XFSF USBJOFE
PO TUBOEBSE BTTBZ QMBUFT XJUI B MBXO PG SBEJVT NN 	BU B EFOTJUZ PG  XPSNNN 'JH "
 *O
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Figure 2.8:Worm training experimental procedure (A). Avoidance of single (B) and 16worms (C) trained on small
(dashed) or large (dashed-dotted) lawns. All (none) of the curves are statistically different in A (B) respectively. Worms
pre-exposed to PA14 avoid the bacteria sooner only if the training happened on small lawns and the nematodes are
assayed in small groups.

أMPX EFOTJUZ USBJOJOHأ  XPSNT XFSF USBOTGFSSFE UP DN QMBUFT GVMMZ DPWFSFE XJUI 1" 	BU B
EFOTJUZ PG  XPSNNN 'JH #
 5IF XPSN EFOTJUZ XBT  UJNFT TNBMMFS PO MBSHF QMBUFT
0ODF UIF USBJOJOH XBT EPOF UIF XPSNT XFSF USBOTGFSSFE UP BTTBZ QMBUFT 	TJOHMF XPSNT PS JO HSPVQT PG

 BOE UIFJS CFIBWJPS SFDPSEFE
5IF XPSNT USBJOFE JO IJHI EFOTJUZ DPOEJUJPOT BOE UIFO TFQBSBUFE BOE QMBDFE JOEJWJEVBMMZ PO
BTTBZ QMBUFT XFSF UIF POMZ POFT UIBU TIPXFE BOZ F୭GFDU PG USBJOJOH  UIFZ XFSF MFBWJOH UIF MBXO I
CFGPSF UIF OBJWF DPOUSPM 	'JH $
 (SPVQT PG  XPSNT USBJOFE JO BOZ DPOEJUJPO 	'JH %
 EJE
OPU EJ୭GFS GSPN DPOUSPM XIJDI TVHHFTUT UIBU UIF CFOF୮ୢUT PG QSFFYQPTVSF NBZ CF OFHMJHJCMF DPNQBSFE
UP B DPPQFSBUJPO PG UIF HSPVQ JO DPWFSJOH UIF CBDUFSJBM MBXO XJUI UIF QIFSPNPOF 5IF F୭GFDUT PG
USBJOJOH XFSF BMTP BCTFOU JO TJOHMF XPSNT USBJOFE PO MBSHF MBXOT 	'JH $
 5IJT TVHHFTUT UIBU GPS BO
F୭GFDUJWF QSFFYQPTVSF UIF USBJOJOH DPOEJUJPOT NVTU JODMVEF B MBSHFS EFOTJUZ PG XPSNT BOE UIF BCJMJUZ
UP MFBWF UIF MBXO
 #ঊঌঝ঎ছ঒ঊক ঊটঘ঒঍ঊগঌ঎ ঒জ ঊ ঍ঢগঊখ঒ঌ ঙছঘঌ঎জজ
8PSNT JOUFHSBUF TFWFSBM FOWJSPONFOUBM DVFT UIBU EFUFSNJOF UIFJS DIPJDF PG XIFUIFS UP SFNBJO JO UIF
PSJHJOBM MBXO PS MFBWF 	FH QSFTFODF PG CBDUFSJBM GPPE BOE BOZ QPUFOUJBM QIFSPNPOBM DVFT
 "EEJUJPO
BMMZ UIF BTTPDJBUJWF MFBSOJOH FYQFSJNFOUT  TIPX UIBU FYQPTVSF UP 1" DBO DIBOHF UIFJS QSFGFSFODF
PWFS MPOHFS QFSJPET PG UJNF " RVFTUJPO BSJTFT IPX QFSNBOFOU BSF UIF DIPJDFT NBEF CZ UIF BOJNBMT
PODF B OFNBUPEF MFBWFT UIF CBDUFSJBM MBXO EPFT JU FWFS DPNF CBDL *G TP IPX MPOH EPFT JU UBLF JU UP
SFWFSU JUT QSFGFSFODF 8F DBO BOTXFS UIFTF RVFTUJPOT CZ USBDLJOH B TJOHMF XPSN QFS QMBUF XIJDI XJMM
BMMPX VT UP SFDPSE JUT TQFDJ୮ୢD IJTUPSZ
5IF EBUB GPS FBDI XPSN JT B CJOBSZ UJNF TFSJFT JOEJDBUJOH XIFUIFS UIF XPSN XBT GPVOE JOTJEF
PS PVUTJEF UIF MBXO 8F EJWJEFE UIF FOUJSF QPQVMBUJPO PG JTPMBUFE XPSNT JOUP BOJNBMT UIBU XFSF
XJUIJO UIF MBXO 	أJO QPQVMBUJPOأ QJO5  HSFFO DVSWF JO 'JH "
 BOE PVUTJEF PG JU 	أPVU QPQVMBUJPOأ
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Figure 2.9: (A) Avoidance curves for subpopulation of isolated worms that were inside (dashed, green) or outside (dot-
ted, red) at time 27h post infection (division time T=27h). (B) Averaged difference between the ”in” and ”out” curves
for all division times 0h<T<37h plotted as a function of time difference from T. The red curves are exponentials de-
caying with .I time constant. $ FMFHBOT enter and leave the lawn continuously and the probability that a givenworm
switches between in and out state decays with two distinct timescales: a short<20min and long∼5.5h.

QPVU5  SFE DVSWF JO 'JH "
 BU B HJWFO UJNF QPJOU 	FH 5 = I JO 'JH "
  5IFO XF GPMMPXFE
UIFTF UXP TVCQPQVMBUJPOT TFQBSBUFMZ JO UJNF BOE QMPUUFE UIFJS SFTQFDUJWF BWPJEBODF DVSWFT QJO5 (U) BOE
QPVU5 (U) 5IF EJ୭GFSFODF PG UIFTF UXP DVSWFT 15(U) = QPVU5 (U) − QJO5 (U)XBT FRVBM UP VOJUZ BU U = 5 CZ
DPOTUSVDUJPO BOE UIFO EFDBZFE UP [FSP BU U = I BOE I
8F DBMDVMBUFE 15 DVSWFT GPS BMM I < 5 < I BOE QMPUUFE UIFN XJUI U = 5 BT UIF PSJHJO
	JF FBDI QMPU XBT FRVBM UP POF BU UIF PSJHJO
 'JH # TIPXT UIF BWFSBHF PG DVSWFT DPOTUSVDUFE JO
UIJT XBZ  UIF NFBO DVSWF QFBLT BU VOJUZ BU UIF PSJHJO BOE UIFO EFDBZT UP [FSP PO CPUI TJEFT 5IFSF
JT TJHOJ୮ୢDBOUMZ NPSF OPJTF BU OFHBUJWF FOE PG UIF QMPU CFDBVTF BU UIF FBSMZ UJNFT PG UIF FYQFSJNFOU
BMNPTU BMM XPSNT BSF JOTJEF PG UIF CBDUFSJBM MBXO 5IF أPVU QPQVMBUJPOأ JT WFSZ TNBMM XIJDI SFTVMUT JO
IJHIFS WBSJBCJMJUZ 5IF EFDBZ GSPN UIF QFBL IBQQFOT JO UXP TUBHFT 'JSTU XJUIJO UIF  NJOVUFT UIF
DVSWF EFDSFBTFT CZ ॎ UIFO JU EFDBZT XJUI B TJOHMF FYQPOFOUJBM PO CPUI TJEFT XJUI B UJNF DPOTUBOU PG
BQQSPYJNBUFMZ .± .I
8IFO XF QFSGPSNFE UIF FYQFSJNFOU XJUI  XPSNT PO FBDI QMBUF 	BG୴FS I XF SFNPWFE BMM
XPSNT UIBU XFSF PVUTJEF PG UIF MBXO BU UIBU JOTUBOU BOE UIFO GPMMPXFE UIF CFIBWJPS PG UIF SFTU
 UIF
TZTUFN FRVJMJCSBUFE XJUIJO UIF ୮ୢSTU  NJO UIBU JU UPPL CFUXFFO SFNPWJOH UIF BOJNBMT BOE MPBEJOH
UIF QMBUFT JOUP UIF 9: TUBHF
5IJT BOBMZTJT TIPXT UIBU UIFSF BSF UXP EJTUJODU UJNF TDBMFT BU XIJDI $ FMFHBOT DIBOHF UIFJS MPDB
UJPO CFUXFFO JO BOE PVU PG UIF MBXO "U TIPSU UJNF TDBMF 	<NJO
 PWFS IBMG UIF BOJNBMT XJMM DIBOHF
UIFJS MPDBUJPO XJUI SFTQFDU UP UIF MBXO )PXFWFS UIF SFNBJOJOH OFNBUPEFT XJMM CF NPSF MJLFMZ UP
TUBZ BOE UIFJS QSFGFSFODF XJMM EFDBZ FYQPOFOUJBMMZ XJUI UIF UJNF DPOTUBOU PG I 8IFO UIFSF BSF
NVMUJQMF XPSNT PO UIF QMBUF UIF TZTUFN FRVJMJCSBUFT DPNQMFUFMZ XJUIJO  NJO
5IF GBDU UIBU UIF XPSNT NPWF JO BOE PVU PG UIF CBDUFSJBM MBXO FYQMBJOT IPX UIF CBDUFSJB BSF BCMF
UP TQSFBE BDSPTT UIF QMBUF *O IBSE BHBS DPOEJUJPOT UIF 1" CBDUFSJBM BSF VOBCMF UP NPWF 	CZ TXJN
NJOH PS TXBSNJOH
 UIF PSJHJOBM MBXO EPFT OPU FYQBOE XIFO UIFSF BSF OP XPSNT QSFTFOU 8IFO UIF
OFNBUPEFT NPWF UISPVHI UIF MBXO JOEJWJEVBM CBDUFSJBM DFMMT BSF BCMF UP BUUBDI UIFNTFMWFT UP UIF DV
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Figure 2.10: Correlation between avoidance and bacterial spreading for a standard avoidance assay (openmarkers) as
well as for 18h and 30h conditioning assays (red and green solid markers respectively) for solitary worms. (B-C) A box
plot showing distributions of avoidance (B) and bacterial spreading (C) for avoidance and conditioning experiments in
(A). Single and three stars indicate statistically signiﬁcant difference at p<0.02 and p<10-6 level according to ANOVA.
The lawn occupancy fraction depends on how long the lawnwas exposed to the$ FMFHBOT and is independent of how
much the lawnwas spread.
UJDMF PG UIF XPSNT BOE IJUDI B SJEF UP BSFBT PG UIF QMBUF GSFF PG CBDUFSJBM PDDVQBUJPO 5IFSF UIFZ DBO
TFFE B OFX DPMPOZ UIBU XJMM HSPX PWFS UIF DPVSTF PG TFWFSBM IPVST UP CF WJTJCMF JO PVS FYQFSJNFOUBM
TFUVQ 0ODF UIJT FYUFSOBM MBXO BQQFBST $ FMFHBOTNJHIU CF BUUSBDUFE BXBZ GSPN UIF PSJHJOBM MBXO
UP UIF OFX TPVSDFT PG GPPE 5IJT SJTFT UIF RVFTUJPO IPX NVDI EPFT UIF HSPXJOH MBXO DPOUSJCVUF
UP UIF NFBTVSFE BWPJEBODF CFIBWJPS 5IF OFYU TFDUJPO 	BOE UIF GPMMPXJOH DIBQUFS
 XJMM TIPX UIBU
BWPJEBODF QSFDFEFT UIF MBXO FYQBOTJPO BOE JO GBDU JT B ESJWJOH GPSDF CFIJOE JU
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'JOBMMZ XF DBO BOTXFS B RVFTUJPO BCPVU UIF SFMBUJPO PG QBUIPHFO BWPJEBODF BOE CBDUFSJBM TQSFBE
JOH *O QSJODJQMF UIF XPSNT B୭GFDU UIF CBDUFSJB PO UIF QMBUF JO UXP XBZT 'JSTU BSF UIF DIFNJDBM PS
NPSQIPMPHJDBM NPEJ୮ୢDBUJPOT UP UIF MBXO XIJDI XF IBWF EJTDVTTFE JO QSFWJPVT TFDUJPOT 5IF TFDPOE
JT UIF CBDUFSJBM TQSFBEJOH DBVTFE XIFO NJDSPPSHBOJTNT BEIFSJOH UP UIF DVUJDMF TFFE OFX DPMPOJFT
BSPVOE UIF QMBUF XIFO XPSNT MFBWF UIF MBXO
5IJT MFBET UP B RVFTUJPO  EP UIF XPSNT BWPJE UIF MBXO CFDBVTF PG UIF EFQPTJUFE QIFSPNPOF PS
TJNQMZ CFDBVTF UIFZ BSF BUUSBDUFE UP OFX TPVSDFT PG GPPE BG୴FS UIF CBDUFSJB XFSF TQSFBE

5P BOTXFS UIJT RVFTUJPO XF DPNQBSFE UISFF FYQFSJNFOUT " TUBOEBSE BWPJEBODF BTTBZ BT EF
TDSJCFE JO UIF ୮ୢSTU DIBQUFS PG 3FTVMUT 	'JH 
 BOE I BOE I DPOEJUJPOJOH FYQFSJNFOUT 	'JH 

8F QSFTFOU UIF EBUB JO 'JH " IPMMPX NBSLFST DPSSFTQPOE UP UIF DPOUSPM FYQFSJNFOU SFE GVMM
TRVBSFT UP I DPOEJUJPOJOH BOE HSFFO GVMM USJBOHMFT UP I DPOEJUJPOJOH &BDI NBSLFS DPSSFTQPOET
UP POF UJNF QPJOU JO UIF FYQFSJNFOU GPS TJOHMF XPSNT 5IF WFSUJDBM BYJT JT UIF BWPJEBODF BT TIPXO
JO 'JH  BOE 'JH # 5IF IPSJ[POUBM BYJT NFBTVSFT أCBDUFSJBM TQSFBEJOHأ XIJDI JT BO BWFSBHF CF
UXFFO BMM SFQMJDBUF QMBUFT PG B UPUBM MBXO BSFB NJOVT UIF PSJHJOBM MBXO BSFB BU B HJWFO UJNF
*O UIF TUBOEBSE FYQFSJNFOU UIFSF JT OP MJNJUBUJPO UP XPSNTؠ NPWFNFOU BOE CPUI F୭GFDUT 	NPE
J୮ୢDBUJPO PG UIF PSJHJOBM MBXO BOE TQSFBEJOH
 DBO UBLF QMBDF 0WFS UJNF UIF MBXO TJ[F JODSFBTFT BOE
BWPJEBODF JT MJOFBSMZ DPSSFMBUFE XJUI UIF BNPVOU PG TQSFBEJOH 	IPMMPX NBSLFST JO 'JH "
 0O UIF
PUIFS IBOE CPUI DPOEJUJPOJOH FYQFSJNFOUT QSFWFOU UIF XPSNT GSPN MFBWJOH UIF PSJHJOBM MBXO GPS
I PS I CFGPSF UIF TUBSU PG UIF BTTBZ UISPVHI UIF VTF PG B NFUBM SJOH *O UIBU UJNF UIF DPOEJUJPO
JOH XPSNT BSF POMZ BCMF UP B୭GFDU UIF PSJHJOBM MBXO 5IFSFGPSF JG TQSFBEJOH JT ESJWJOH UIF BWPJEBODF
EZOBNJDT XF TIPVME TFF OP EJ୭GFSFODF CFUXFFO UIF DPOUSPM BOE DPOEJUJPOJOH FYQFSJNFOUT CFDBVTF JO
CPUI DBTFT UIF MBXO TQSFBEJOH JT TNBMM BU UIF TUBSU PG UIF BTTBZ )PXFWFS JG BWPJEBODF JT B୭GFDUFE POMZ
CZ UIF TUBUF PG UIF PSJHJOBM MBXO UIFO XF TIPVME TFF JODSFBTFE BWPJEBODF JO UIF DPOEJUJPOJOH FYQFSJ
NFOUT BU FWFO TNBMM WBMVFT PG TQSFBEJOH BT UIF XPSNT TUBZ DMFBS PG UIF PSJHJOBM MBXO CVU UIF CBDUFSJB
EJE OPU IBWF UJNF UP HSPX PVUTJEF PG JU
'JH " TIPXT UIBU ॎ 	ॎ
 PG UIF XPSNT MFG୴ UIF PSJHJOBM MBXO JO I 	I
 DPOEJUJPOJOH
FYQFSJNFOU XIFO UIF OFX MBXO IBE TQSFBE UP MFTT UIBO NN "U UIF TBNF MFWFM PG TQSFBEJOH POMZ
ॎ PG BOJNBMT IBE BWPJEFE UIF PSJHJOBM MBXO JO UIF DPOUSPM FYQFSJNFOU
'VSUIFSNPSF UIF FYUFOU UP XIJDI UIF XPSNT BWPJE UIF MBXO JO I 	I
 DPOEJUJPOJOH FYQFSJ
NFOUT NBUDIFT WFSZ DMPTFMZ UIF BWPJEBODF JO DPOUSPM CFUXFFO II 	II
 5IF EJTUSJCVUJPOT
PG BWPJEBODF JO UIFTF FYQFSJNFOUT BSF TIPXO JO 'JH # 6TJOH POF XBZ "/07" UFTU UIF QWBMVF
CFUXFFO I DPOEJUJPOJOH BOE II DPOUSPM EJTUSJCVUJPO PG BWPJEBODF JT  BOE CFUXFFO I

DPOEJUJPOJOH BOE II DPOUSPM   	BMM PUIFS QWBMVFT BSF CFMPX 
 5IFSFGPSF XF DBOOPU
SFKFDU UIF OVMM IZQPUIFTJT UIBU UIFTF BWPJEBODF EJTUSJCVUJPOT BSF UIF TBNF *O UVSO UIF DPSSFTQPOEJOH
QWBMVFT GPS UIF EJTUSJCVUJPOT PG BSFBT PG TQSFBEFE MBXOT 	'JH $
 BSF . · − 	I DPOEJUJPOJOH
BOE II DPOUSPM
 BOE  	I DPOEJUJPOJOH BOE II DPOUSPM

5IFTF EJ୭GFSFOU MBXO BSFB EJTUSJCVUJPOT CFUXFFO DPOUSPM BOE DPOEJUJPOJOH FYQFSJNFOUT MFBE UP
TJNJMBS BWPJEBODF BOE UIFSFGPSF UIFTF UXP F୭GFDUT BSF MJLFMZ EFDPVQMFE 8F DPODMVEF UIBU UIF ESJWJOH
GPSDF CFIJOE BWPJEBODF BSF DIFNJDBM PS NPSQIPMPHJDBM DIBOHFT UP UIF PSJHJOBM MBXO BOE UIF CBDUFSJBM
TQSFBEJOH JT NFSFMZ B DPOTFRVFODF PG BWPJEBODF JUTFMG
 $ঘগঌকঞজ঒ঘগজ
*O UIJT DIBQUFS XF EFWFMPQFE B OFX BVUPNBUJD JNBHJOH TZTUFN UIBU NFBTVSFT UIF EJTUSJCVUJPO PG
$ FMFHBOT OFNBUPEFT JO B TMPX LJMMJOH BTTBZ 6TJOH UIJT TFUVQ XF TIPXFE UIBU UIF SBUF BU XIJDI UIF
XPSNT FWBDVBUF B MBXO PG QBUIPHFOJD CBDUFSJB EFQFOET PO UIF EFOTJUZ PG BOJNBMT 5IJT OPWFM QIF
OPNFOPO TVHHFTUT TPNF GPSN PG DPNNVOJDBUJPO CFUXFFO DPOTQFDJ୮ୢDT 8F EFNPOTUSBUFE UIBU JU JT
JOEJSFDU BOE JU PDDVST UISPVHI UIF CBDUFSJBM MBXO BT UIF BMBSN TJHOBM MFG୴ CZ POF CBUDI PG XPSNT DBO
CF EFUFDUFE CZ BO JOEFQFOEFOU OBJWF TFU PG BOJNBMT
5SBJOJOH PG UIF BOJNBMT 	QSF FYQPTJOH UIFN UP 1" CFGPSF UIF BTTBZ
 IBT OP DMFBS F୭GFDU PO UIF
DPMMFDUJWF BWPJEBODF TVHHFTUJOH UIBU BWFSTJWF MFBSOJOH CFIBWJPS  JT BO JOEFQFOEFOU QIFOPNFOPO
'VSUIFSNPSF XF TIPXFE UIBU UIF BWPJEBODF JT B EZOBNJD QSPDFTT XJUI XPSNT FOUFSJOH BOE MFBW
JOH UIF CBDUFSJBM MBXO NVMUJQMF UJNFT UISPVHIPVU UIF FYQFSJNFOU XJUI UXP EJTUJODU UJNFTDBMFT
5IJT TVHHFTUT UIBU UIFZ NBZ CF CBMBODJOH B QFSDFJWFE EBOHFS 	RVBOUJ୮ୢFE CZ UIF MFWFM PG UIF BMBSN
QIFSPNPOF
 BOE IVOHFS UP BEKVTU UIF UJNF UIFZ TQFOE PVUTJEF BOE JOTJEF UIF MBXO 8F BMTP TIPXFE
UIBU CBDUFSJBM TQSFBEJOH CFZPOE UIF PSJHJOBM MBXO 	XIJDI CFDPNFT NPSF QSPNJOFOU BU MBUFS TUBHFT PG
UIF FYQFSJNFOU
 JT B CZQSPEVDU PG UIF OFNBUPEFTؠ NPWFNFOU

5IFTF SFTVMUT TVQQPSU UIF IZQPUIFTJT UIBU UIF XPSNT BSF DBQBCMF PG EFQPTJUJOH B XBSOJOH TJHOBM
BT B DPOTFRVFODF PG JOGFDUJPO 5IF OBUVSF PG UIJT TJHOBM JT VODMFBS CVU JU DPVME FJUIFS CF B DIFNJDBM
TJHOBM QSPEVDFE CZ UIF XPSNT BOE EJSFDUMZ EFUFDUFE CZ PUIFS OFNBUPEFT PS UIF $ FMFHBOT DBO IBWF
BO F୭GFDU PO UIF CBDUFSJB UIFNTFMWFT 	UISPVHI CFUUFS BFSBUJPO PG UIF MBXO PS 1" DPVME EFUFDU UIF
DIFNJDBMT QSPEVDFE CZ UIF XPSNT
 XIJDI QSPNQU UIF NJDSPPSHBOJTNT UP SFQVMTF UIF XPSNT GSPN
FBDI PUIFS JOEJSFDUMZ
 .঎ঝ঑ঘ঍জ
 4ঝছঊ঒গজ ঊগ঍ খ঎঍঒ঊ
8F VTFE 5+ 	TQF	ID
* GFS	C
**
 UFNQFSBUVSF TFOTJUJWF TUFSJMF TUSBJO JO UIJT DIBQUFS
8PSNT XFSF NBJOUBJOFE BU $ PO IJHI HSPXUI NFEJB 	)(.
 QMBUFT  TVQQMFNFOUFE XJUI 
ɉHNM TUSFQUPNZDJO 	UP BWPJE 1" DPOUBNJOBUJPO
 BOE GFE XJUI TUSFQUPNZDJOSFTJTUBOU & DPMJ
01 VTJOH TUBOEBSE QSPUPDPM  #BDUFSJBM TUSBJOT VTFE XFSF 1TFVEPNPOॵ BFSVHJOPTB 1" 	B HJG୴
GSPN ' "VTVCFM
 BOE &TDIFSJDIJB DPMJ)# 	B HJG୴ GSPN 4 .BOHP
 &DPMJXFSF HSPXO PWFSOJHIU
BU $ JO -# NFEJVN BOE 1 BFSVHJOPTB JO B MJRVJE 4, NFEJVN 	ॎ QFQUPOF ॎ /B$M  N.
.H40  N. ,)10

 8ঘছখ ঙছ঎ঙঊছঊঝ঒ঘগ
"MM XPSN TUSBJOT XFSF TZODISPOJ[FE CZ IZQPDIMPSJUF USFBUNFOU BOE ୮ୢSTU MBSWBM TUBHF 	-
 BSSFTU GPS
I  "SSFTUFE -T XFSF USBOTGFSSFE POUP TUBOEBSE DN /(. QMBUFT 	TVQQMFNFOUFE XJUI 
ɉHNM TUSFQUPNZDJO
 TFFEFE XJUI 01 8PSNT XFSF BMMPXFE UP EFWFMPQ GPS I BU $ *O UIFTF
DPOEJUJPOT> % SFBDIFE BEVMUIPPE BOE XFSF TUFSJMF

 "টঘ঒঍ঊগঌ঎ ঊজজঊঢজ
1 BFSVHJOPTB BOE & DPMJ BWPJEBODF BTTBZT XFSF QFSGPSNFE PO TPMJE 4, NFEJVN  8F VTFE DN
QMBUFT XJUI NM PG BQQSPQSJBUF NFEJB 5P QSFQBSF 1" QMBUFT ɉM 	PS ɉM ɉM ɉM ɉM BOE
ɉM JO DBTF PG WBSJBCMF MBXO BSFB WFSTJPO PG UIF FYQFSJNFOU
 PG Y DPODFOUSBUFE PWFSOJHIU DVMUVSF
XFSF TQPUUFE JO UIF NJEEMF PG BO 4, QMBUF 1MBUFT XFSF MFG୴ UP ESZ JO B MBNJOBS ୯୳PX IPPE GPS I XJUI
PQFO MJET 5IF MJET XFSF UIFO SFQMBDFE BOE UIF QMBUFT XFSF JODVCBUFE BU SPPN UFNQFSBUVSF GPS BO BE
EJUJPOBM IPVS 'PS DPOUSPM FYQFSJNFOUT ɉM PG & DPMJ )# DVMUVSF XFSF TQPUUFE JO UIF NJEEMF PG
BO 4, QMBUF BOE JODVCBUFE PWFSOJHIU BU $ 1MBUFT XFSF UIFO BMMPXFE UP DPPM EPXO GPS  NJOVUFT
BU SPPN UFNQFSBUVSF &BDI BWPJEBODF DVSWF SFQSFTFOUT BO BWFSBHF BWPJEBODF PO      
BOE  QMBUFT GPS TPMJUBSZ UXP UISFF GPVS FJHIU UXFMWF BOE TJYUFFO XPSNT SFTQFDUJWFMZ "U MFBTU UXP
JOEFQFOEFOU SFQFBUT XFSF QFSGPSNFE &BDI BWPJEBODF DVSWF JT TNPPUIFE XJUI B NPWJOH XJOEPX PG 
GSBNFT 	I

 4ঞছট঒টঊক ঊজজঊঢ
1" TMPX LJMMJOH BTTBZ XBT QFSGPSNFE BDDPSEJOH UP TUBOEBSE QSPDFEVSF  #SJF୯୳Z B ɉM PG BO
PWFSOJHIU DVMUVSF PG 1" JO -# XBT TQPUUFE POUP B DFOUFS PG BO 4, QMBUF 1MBUFT XFSF UIFO JODV
CBUFE BU $ GPS I BOE UIFO BO BEEJUJPOBM I BU $  QMBUFT XJUI  XPSNT FBDI 	 XPSNT
JO UPUBM
 XFSF VTFE BOE  QMBUFT XJUI TPMJUBSZ XPSNT %FBE BOE BMJWF XPSNT XFSF DPVOUFE FWFSZ 
IPVST GPS  EBZT
 -ঊঠগ ঌঘগ঍঒ঝ঒ঘগ঒গঐ ঊজজঊঢ
" TUBJOMFTT TUFFM XBTIFS 	PCUBJOFE GSPN .D.BTUFS$BSS DBUBMPH OVNCFS " XBTIFE BOE BV
UPDMBWFE CFGPSF FWFSZ VTF
 XBT QMBDFE JO UIF NJEEMF PG BO 4, QMBUF ɉM PG Y DPODFOUSBUFE PWFSOJHIU
DVMUVSF PG 1" XFSF DBSFGVMMZ ESPQQFE JOUP UIF NJEEMF PG UIF SJOH 	UBLJOH DBSF UIBU UIF MJRVJE EPFT

OPU UPVDI JU
 "G୴FS BO IPVS PG ESZJOH JO MBNJOBS ୯୳PX IPPE 	XJUIPVU UIF MJET
 BOE BO IPVSMPOH JO
DVCBUJPO 	XJUI MJET PO
 BU SPPN UFNQFSBUVSF  XPSNT XFSF QMBDFE POUP CBDUFSJB BOE QMBUFT XFSF
JODVCBUFE BU $ "U UIF FOE PG UIF DPOEJUJPOJOH QFSJPE 	  PS  IPVST
 UIF SJOHT XFSF DBSFGVMMZ
SFNPWFE BOE BMM XPSNT XFSF QJDLFE *G UIF QSPDFEVSF EBNBHFE UIF BHBS JO BOZ XBZ PS JG BOZ XPSN
XBT GPVOE PVUTJEF PG UIF JOOFS EJBNFUFS PG UIF SJOH UIF QMBUF XBT EJTDBSEFE /BJWF XPSNT XFSF TVC
TFRVFOUMZ USBOTGFSSFE POUP UIF DPOEJUJPOFE MBXO BOE UIFJS BWPJEBODF XBT NPOJUPSFE " DPOUSPM
DPOEJUJPOJOH FYQFSJNFOU GPMMPXT UIF TBNF QSPDFEVSF BT 1" BWPJEBODF FYQFSJNFOUT FYDFQU UIBU UIF
QMBUFT XFSF JODVCBUFE GPS UIF EVSBUJPO PG UIF DPOEJUJPOJOH QFSJPE XJUI OP XPSNT
 *খঊঐ঎ ঊঌહঞ঒জ঒ঝ঒ঘগ ঊগ঍ ঊগঊকঢজ঒জ ঠঘছঔএকঘঠ
*NBHF BDRVJTJUJPO IBSEXBSF XBT CBTFE PO B $/$ 3PVUFS 'JSFCBMM 7 	XXXQSPCPUJYDPN
 XJUI
TJEF TUFQ NPUPS ESJWFS LJU BOUJCBDLMBTI BOE 3' *TPMBUFE 1#9ୖ3' #SFBLPVU #PBSE 5IF $/$
SPVUFS HBOUSZ DBSSJFE B /JLPO % 	PS %Y JOUFSDIBOHFBCMZ
 DPOTVNFSHSBEF DBNFSB XJUI B /JLPO
NN ' .JDSP /JLLPS DMPTF VQ MFOT #PUI UIF 9: TUBHF BOE UIF DBNFSB XFSF DPOUSPMMFE CZ B
DPNQVUFS VTJOH -JOVY $/$ TPG୴XBSF 	XXXMJOVYDODPSH
 BOE H1IPUP DPNNBOEMJOF JOUFSGBDF
	XXXHQIPUPPSH
 5IF FOUJSF TZTUFN DBQBCMF PG JNBHJOH VQ UP  QMBUFT XBT FODMPTFE JO B EBSL
CPY JO B UFNQFSBUVSFDPOUSPMMFE SPPN 	$ q 
 *MMVNJOBUJPO XBT QSPWJEFE CZ  SFE -&%T XJSFE
JO QBSBMMFM BOE NPVOUFE PO B QMBTUJD SJOH NN JO EJBNFUFS 5IF EJPEFT XFSF TVTQFOEFE VOEFS UIF
DBNFSB BU UIF MFWFM PG UIF BHBS TVSGBDF 1MBUFT XFSF UIVT JO UIF EBSL EVSJOH NPTU PG UIF FYQFSJNFOU
BOE XFSF POMZ JMMVNJOBUFE CSJF୯୳Z XIFO JNBHFE 4VJUBCMZ DSPQQFE JNBHFT XFSF TBWFE BU Y
PS Y SFTPMVUJPO BOE CJU EFQUI " TFNJBVUPNBUJD IFVSJTUJD JNBHF BOBMZTJT XPSL୯୳PX XSJU
UFO JO .BUMBC 	.BUIXPSLT ."
 JEFOUJ୮ୢFE UIF MPDBUJPO PG UIF PSJHJOBM CBDUFSJBM MBXO QPTJUJPOT PG
JOEJWJEVBM XPSNT BOE BSFBT XIFSF CBDUFSJB XFSF TQSFBE

 4ঝঊঝ঒জঝ঒ঌঊক ঊগঊকঢজ঒জ
4UBUJTUJDBM UFTU GPS TJNJMBSJUZ CFUXFFO UIF BWPJEBODF DVSWFT IBT CFFO QFSGPSNFE VTJOH BO BTZNQUPUJD
WFSTJPO PG UIF "/07" 'UFTU 8F VTFE .POUF $BSMP TJNVMBUJPOT UP PCUBJO FNQJSJDBMMZ UIF
BTZNQUPUJD EJTUSJCVUJPO VOEFS B OVMM IZQPUIFTJT UIBU UIF UXP DVSWFT BSF UBLFO GSPN UIF TBNF (BVT
TJBO QSPDFTT XJUI TUBUJTUJDT UBLFO GSPN UIF EBUB 5IF SFTVMUT SFQPSUFE JOEJDBUF B UISFTIPME PO TUBUJTUJ
DBM TJHOJ୮ୢDBODF BU QWBMVF

3
1IFOPNFOPMPHJDBM NPEFM
*O UIJT DIBQUFS XF JOWFTUJHBUF NPSF DMPTFMZ UIF EFQFOEFODF PG QBUIPHFO BWPJEBODF PO UIF HSPXJOH
FYUFSOBM MBXO BOE TIPX UIBU JOEFFE UIF XPSNT BSF SFQVMTFE GSPN UIF PSJHJOBM MBXO BOE BUUSBDUFE
UP UIF OFX CBDUFSJB 5IJT F୭GFDU DPVME CF BUUSJCVUFE UP FJUIFS B SFQVMTJWF QIFSPNPOF EFQPTJUFE CZ
TUSFTTFE XPSNT UIBU ESJWFT UIFN BXBZ GSPN UIF PME MBXO PS QVUBUJWF BUUSBDUJWF OBUVSF PG GSFTIMZ
HSPXO MBXOT 5P SFTPMWF XIJDI F୭GFDU JT CFIJOE UIF QBUIPHFO BWPJEBODF XF GPDVT PO UIF ୮ୢSTU 
5IJT DIBQUFS JT UIF SFTVMU PG XPSL EPOF JO DPMMBCPSBUJPO XJUI *VMJB /FBHV

IPVST PG UIF BWPJEBODF BTTBZT XIFSF OP TQSFBEJOH IBT PDDVSSFE ZFU 	UIF OFXMZ TFFEFE CBDUFSJB EJE
OPU IBWF UJNF UP HSPX
 CVU UIF XPSNT BMSFBEZ CFHJO UP BCBOEPO UIF PSJHJOBM MBXO JO B EFOTJUZ EF
QFOEFOU NBOOFS 8F QSFTFOU B TUBUF QIFOPNFOPMPHJDBM NPEFM UIBU XF VTF UP SFQSPEVDF UIF RVBM
JUBUJWF GFBUVSFT PG UIF BWPJEBODF BTTBZT BOE TIPX UIBU B QIFSPNPOF EFQPTJUFE JOUP UIF MBXO CZ UIF
XPSNT DBO JOEFFE FYQMBJO UIF JOJUJBM FWBDVBUJPO PG UIF MBXO
 #ঊঌঝ঎ছ঒ঊক জঙছ঎ঊ঍঒গঐ ঒জ ঌঘছছ঎কঊঝ঎঍ ঠ঒ঝ঑ ঊটঘ঒঍ঊগঌ঎
"T XF IBWF EJTDVTTFE JO $IBQUFS  UIFSF BSF UXP QSPDFTTFT UBLJOH QMBDF EVSJOH BO BWPJEBODF FYQFSJ
NFOU B DIFNJDBM 	PS NPSQIPMPHJDBM
 NPEJ୮ୢDBUJPO PG UIF PSJHJOBM MBXO BOE CBDUFSJBM TQSFBEJOH 8F
IBWF TIPXO VTJOH UIF DPOEJUJPOJOH FYQFSJNFOUT UIBU UIF ESJWJOH GPSDF CFIJOE UIF QBUIPHFO BWPJE
BODF JT UIF F୭GFDU UIBU UIF XPSNT FYFSU PO UIF PSJHJOBM MBXO BOE UIF CBDUFSJBM TQSFBEJOH JT NFSFMZ B
DPOTFRVFODF 	'JH 
 PG UIFJS BWPJEBODF )PXFWFS BU MBUFS UJNFT 	U > I
 UIF HSPXJOH CBDUFSJB
PVUTJEF PG UIF MBXO QSFTFOU BO BCVOEBOU BMUFSOBUJWF TPVSDF PG GPPE UIBU XJMM BUUSBDU UIF OFNBUPEFT
5IFSFGPSF UIJT FYUFSOBM MBXO XBSSBOUT B NPSF EFUBJMFE BOBMZTJT
'JH " TIPXT UIF SBUJP PG BSFBT PG UIF HSPXJOH FYUFSOBM MBXO UP UIF PSJHJOBM MBXO GPS EJ୭GFSFOU
OVNCFST PG XPSNT/ 5IF EBTIFE MJOFT SFQSFTFOU B OVNFSJDBM ୮ୢU PG UIFTF FYQFSJNFOUBM DVSWFT UP
Y(U) = FYUFSOBM MBXOPSJHJOBM MBXO =
"NBYU
U/ + U
, 	

XIFSF"NBY JT UIF BTZNQUPUJD WBMVF PG UIF GVODUJPO BOE U/ JT UIF UJNF XIFO JU SFBDIFT"NBY/ 5IF
WBMVFT PG CPUI QBSBNFUFST GPS FBDI DVSWF BSF TIPXO JO 'JH #$ BOE UIFZ DBO CF ୮ୢUUFE UP MJOFBS BOE
MPHBSJUINJD GVODUJPOT SFTQFDUJWFMZ
0OF PG UIF ESJWFT CFIJOE UIF OFNBUPEFTؠ CFIBWJPS JT IVOHFS XIJDI DPNQFMT UIF BOJNBMT UP TUBZ
PO GPPE *O PVS FYQFSJNFOUT UIF XPSNT BSF GPVOE PO FJUIFS UIF PSJHJOBM MBXO PS UIF OFXMZ HSPXO
CBDUFSJB NPTU PG UIF UJNF 5IFSFGPSF RVBOUJGZJOH UIF TJ[F PG UIF OFX MBXO BMMPXT VT UP UP UFTU XIFUIFS

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Figure 3.1: (A) Average and the standard error of the external lawn to original lawn ratio for various worm number/
avoidance experiments. The dashed curves show a ﬁt to"NBYU/(U/ + U) curve where the parameters are ﬁtted to a
linear (B) and a logarithmic (C) equations.
UIF XPSNT BSF BUUSBDUFE UP UIF PSJHJOBM BOE OFX MBXOT FRVBMMZ 5P BEESFTT UIJT OVMM IZQPUIFTJT XF
QMPUUFE BMM EBUB QPJOUT GSPN UIF BWPJEBODF FYQFSJNFOUT GPS WBSJPVT XPSN OVNCFST JO 'JH  5IF
IPSJ[POUBM BYJT JT UIF SBUJP Y PG FYUFSOBM UP PSJHJOBM MBXO TJ[FT 	TBNF BT JO 'JH "
 UIF WFSUJDBM BYJT JT
UIF GSBDUJPO PG XPSNT PVUTJEF UIF PSJHJOBM MBXO *G UIF XPSNT TFF OP EJ୭GFSFODF CFUXFFO PME BOE OFX
CBDUFSJB UIFO UIJT GSBDUJPO TIPVME CF TJNQMZ QSPQPSUJPOBM UP UIF GSBDUJPO PG UIF PSJHJOBM MBXO UP UIF
UPUBM CBDUFSJBM MBXO BU UIF UJNF /(+ Y)
5IF SFE DVSWF JO 'JH  TIPXT B B/(B+Y) CFTU ୮ୢU GPS UIF BWPJEBODF EBUB 3BUIFS UIBO B VOJUZ UIF
QBSBNFUFS B = . 	BU S = .
 JOEJDBUJOH UIBU UIF XPSNT BSF UXP UJNFT MFTT MJLFMZ UP CF GPVOE
PO UIF PSJHJOBM MBXO UIBO PO UIF OFX POF 	QFS B VOJU PG BSFB
 8IJDI TVQQPSUT UIF IZQPUIFTJT UIBU
UIF PSJHJOBM MBXO JT MFTT BUUSBDUJWF UP UIF XPSNT FJUIFS CFDBVTF UIF SFQVMTJWF F୭GFDUT PG UIF QVUBUJWF
BMBSN QIFSPNPOF PS CFDBVTF XPSNT QSFGFS UP GFFE PO UIF GSFTIMZ HSPXO MBXO
8F DBO VTF UIF ୮ୢUUFE SFMBUJPO CFUXFFO BWPJEBODF BOE FYUFSOBM MBXO TJ[F UP SFQSPEVDF UIF PSJHJOBM

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Figure 3.2: Each point corresponds to a single time point of a given avoidance experiment with avoidance and the size
of the external lawnmeasured at that moment. The red curve is a best ﬁt B/(B + Y)with B = .. Y is the ratio
between external and original lawn sizes.
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Figure 3.3: Avoidance calculated based on the best ﬁt model to the external lawn size from Fig. 3.2 (continuous curves)
compared to the data (dotted curves).
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Figure 3.4: The square of the difference between the continuous (empirical model) and dotted (measurement) curves
from Fig. 3.3. Themaxima for/ >  occur at around 5.5h.
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Figure 3.5: A 4-statemodel of initial pathogen avoidance. Worms could be relaxed (black,3) and upon exposure to the
alarm pheromone tense (red,5) and inside or outside the lawn.
BWPJEBODF DVSWFT 'JH  TIPXT UIF QSFEJDUJPO CBTFE PO UIF NFBTVSFE BSFB PG UIF MBXO 	DPOUJOVPVT
DVSWFT
 QMPUUFE BHBJOT UIF EBUB 	EPUUFE DVSWFT
 5IF DVSWFT DPSSFDUMZ SFQSPEVDF UIF PWFSBMM EZOBNJDT
UISPVHIPVU UIF FYQFSJNFOU XJUI UIF FYDFQUJPO PG JOJUJBM  IPVST GPS IJHIFS/ 5IJT EJTDSFQBODZ JT
NPSF PCWJPVT JO 'JH  XIJDI TIPXT UIF TRVBSF PG UIF EJ୭GFSFODF CFUXFFO UIF NPEFM BOE UIF EBUB
*O UIJT JOJUJBM TUBHF PG UIF FYQFSJNFOU UIF XPSNT BSF BMSFBEZ FWBDVBUJOH UIF MBXO CVU UIF CBDUFSJB
UIBU UIFZ DBSSJFE PVUTJEF XJUI UIFN IBWF OPU IBE UIF UJNF UP HSPX ZFU 5IFSFGPSF XF OFFE BOPUIFS
BQQSPBDI UP NPEFM UIF ୮ୢSTU QIBTF PG UIF EZOBNJDT 5IJT NPEFM XJMM BMTP IFMQ VT FTUBCMJTI DBVTBMJUZ
CFUXFFO UIF FYUFSOBM MBXO TJ[F BOE BWPJEBODF

 *গ঒ঝ঒ঊক ঊটঘ঒঍ঊগঌ঎
'JH  TIPXT B TUBUF NPEFM XJUI QPTTJCMF USBOTJUJPOT 5IF XPSNT DPVME CF FJUIFS JOTJEF 	J
 PS
PVUTJEF 	P
 UIF MBXO BOE UIFJS JOUFSBDUJPO XJUI UIF BMBSN QIFSPNPOF DPVME DIBOHF UIFJS TUBUVT GSPN
SFMBYFE 	3
 UP UFOTF 	5
 5IF XPSNT JO FJUIFS TUBUVT DPVME NPWF GSPN UIF MBXO UP UIF PVUTJEF CVU
UFOTF XPSNT DPVME POMZ SFDPWFS CBDL UP UIF SFMBYFE TUBUF PVUTJEF UIF MBXO 	L53P 
 BOE UIF SFMBYFE POFT
DPVME CFDPNF UFOTF JOTJEF UIF MBXO 	L35P 
 5IJT MBTU USBOTJUJPO JT EFQFOEFOU PO UIF DPODFOUSBUJPO
PG UIF QIFSPNPOF JO UIF PSJHJOBM MBXO BOE XF IBWF DIPTFO B )JMM GVODUJPO 	&R 
 UP SFQSFTFOU
JU CFDBVTF XF FYQFDU UIBU UIF JOUFSBDUJPO CFUXFFO UIF BTDBSPTJEF 	B MJHBOE
 BOE B B QVUBUJWF (1$3
SFDFQUPS XJMM GPMMPX .JDIBFMJT.FOUFO LJOFUJDT 5IF XPSNT JO 5 	3
 TUBUVT QSPEVDF UIF QIFSPNPOF
	POMZ XJUIJO UIF MBXO
 BU B SBUF K5 	K3
 BOE JU DBO EFDBZ BU B SBUF Ɉ 	&R 

L35J (B) =
L35J (B/B)O
+ (B/B)O 	

B˙ = K5/5J + K3/3J − ɈB 	

5IF EFUBJMFE SBUF FRVBUJPOT BSF
/˙5J = L35J (B)/3J + L5PJ/5P − L5JP/5J 	

/˙3J = L3PJ/3P − L3JP/3J − L35J (B)/3J 	

/˙5P = L5JP/5J − L5PJ/5P − L53P /5P 	

/˙3P = L53P /5P + L3JP/3J − L3PJ/3P 	

6TJOH UIF MFBTU TRVBSFT ୮ୢU GPS UIF ୮ୢSTU  IPVST PG BWPJEBODF DVSWFT XF GPVOE UIF WBMVFT PG UIF QB
SBNFUFST 5IF NPEFM QSFEJDUJPOT BSF TIPXO JO 'JH  *O UIFTF TPMVUJPO UIF XPSNT TUBSU PVU JO UIF
SFMBYFE TUBUF JOTJEF UIF MBXO 8JUIJO B GFX IPVST B TUFBEZ TUBUF EFWFMPQT XIFSF POMZ B GSBDUJPO PG UIF

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Figure 3.6: Avoidance calculated based on the phenomenological model from Fig. 3.5 (continuous curves) compared to
the data (dotted curves).
PSJHJOBM QPQVMBUJPO JT SFRVJSFE UP TVTUBJO B DPOTUBOU OPO[FSP MFWFM PG UIF QIFSPNPOF JOTJEF UIF
MBXO XIJDI JO UVSO LFFQT BXBZ TPNF OFNBUPEFT *OUFSFTUJOHMZ UIJT NPEFM XBT BCMF UP DBQUVSF UIF
JOJUJBM EZOBNJDT PG UIF BWPJEBODF FYQFSJNFOUT NVDI CFUUFS UIBO UIF FBSMJFS BQQSPBDI CBTFE PO UIF
CBDUFSJBM TQSFBEJOH 5IJT JT NPSF WJTJCMF JO 'JH  XIJDI JT TIPXJOH UIF TRVBSF PG UIF EJ୭GFSFODF CF
UXFFO UIF DVSWFT JO 'JH  	DPOUJOVPVT DVSWFT
 BOE GPS DPNQBSJTPO SFQSPEVDFT UIF SFTVMUT PG UIF
QSFWJPVT NPEFM GSPN 'JH  	EPUUFE DVSWFT
 "EEJUJPOBMMZ UIJT QBSUJDVMBS QBSBNFUFS ୮ୢU UP UIF EBUB
QSFEJDUT UIBU K5K3 ≈ . JF UIF SBUF PG BMBSN QIFSPNPOF QSPEVDUJPO PG UFOTF 	ؠBMBSNFEؠ
 XPSNT JT
UXJDF BT UIBU PG SFMBYFE POFT BOE
L3PJ
L3JP
≈ .≫ L
5
PJ
L5JP
≈ .,
JF SFMBYFE XPSNT BSF UFO UJNFT NPSF JODMJOFE UP FOUFS UIF MBXO UIBO UIF UFOTF POFT
5P TFF IPX TFOTJUJWF BSF UIFTF NPEFM QSFEJDUJPOT UP JOEJWJEVBM QBSBNFUFS WBMVFT JO UIBU QBSUJDV
MBS ୮ୢU XF DBO GPDVT PO UIF ୮ୢSTU  IPVST PG UIF FYQFSJNFOU BOE JOUFHSBUF UIF BSFB VOEFS UIF BWPJE
BODF DVSWF JO UIBU UJNF XJOEPX 5IF QPJOUT XJUI FSSPS CBST JO 'JH  TIPX UIF NFBTVSFE FYQFSJ
NFOUBM BSFBT VOEFS UIF DVSWFT 5IF CMBDL MJOF TIPXT UIF NPEFM QSFEJDUJPOT XJUI ୮ୢUUFE QBSBNFUFST
5IF HSFFO DPOUJOVPVT 	EBTIFE
 DVSWFT TIPX NPEFM QSFEJDUJPOT GPS DIBOHJOH WBMVFT PG K3 GSPN
 UP  UJNFT 	 UP  UJNFT
 UIF ୮ୢUUFE WBMVF 5IF SFE MJOF TIPX UIF TBNF DVSWFT GPS DIBOHJOH

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Figure 3.7: The square of the difference between the continuous (phenomenological model) and dotted (measure-
ment) curves from Fig. 3.6 for the ﬁrst 10 hours of the experiment. The dotted curves are for comparison to the empiri-
cal model based on the external lawn size from Fig. 3.4.
K5 5IF DMVTUFSJOH PG UIF SFE EBTIFE DVSWFT JO 'JH  TVHHFTUT UIBU UIF SBUF PG QSPEVDUJPO PG UIF
BMBSN QIFSPNPOF CZ UFOTF XPSNT 	JF UIPTF UIBU BSF B୭GFDUFE CZ UIF TJHOBM
 JT JOTJHOJ୮ୢDBOU BT MPOH
BT JU JT WFSZ MPX 5IJT NFBOT UIBU UIPTF XPSNT EP OPU DPOUSJCVUF TJHOJ୮ୢDBOUMZ UP UIF MFWFM PG UIF
QIFSPNPOF 5IJT NBZ CF CFDBVTF UIF UFOTF XPSNT BSF ESJWFO BXBZ GSPN UIF MBXO BOE F୭GFDUJWFMZ EP
OPU TQFOE FOPVHI UJNF UIFSF UP B୭GFDU UIF DPODFOUSBUJPO PG UIF TJHOBM )PXFWFS JG UIF QIFSPNPOF
TFDSFUJPO GPS FJUIFS XPSNT 	K5 PS K3
 JT VQSFHVMBUFE UIF MFWFM PG BWPJEBODF JODSFBTFT RVJDLMZ 'PS
SFMBYFE XPSNT UIJT IPMET USVF GPS BMM/ GPS UFOTF XPSNT JU POMZ CFDPNFT TJHOJ୮ୢDBOU GPS/ > 
0WFSBMM UIF NPEFM JT WFSZ TFOTJUJWF UP K3 BT UIFZ BSF UIF POMZ POFT UIBU LFFQ VQ UIF FMFWBUFE MFWFMT PG
UIF QIFSPNPOF BOE K5 DPVME F୭GFDUJWFMZ CF TFU UP [FSP
'JH  TIPXT UIF EFQFOEFODF PG UIF NPEFM PO UIF SBUF PG MFBWJOH 	L5JP
 BOE FOUFSJOH 	L5PJ
 UIF MBXO
CZ UFOTF XPSNT 5IFTF QBSBNFUFST IBWF B WFSZ MJNJUFE F୭GFDU PO BWPJEBODF BT EFDSFBTJOH UIF FOUFSJOH
SBUF BOE JODSFBTJOH UIF MFBWJOH SBUF XJMM OPU DIBOHF UIF NPEFM QSFEJDUJPOT 5IFSFGPSF XF DPVME TFU
L5PJ
L5JP
≈  XIJDI XPVME NFBO UIBU PODF UIF XPSNT CFDPNF BMBSNFE CZ UIF QIFSPNPOF 	UFOTF
 UIFZ
XJMM MFBWF BU B DPOTUBOU SBUF BOE SFNBJO PVUTJEF VOUJM UIFZ USBOTJUJPO JOUP UIF SFMBYFE TUBUF 4JNJMBSMZ
JG XF BOBMZ[F UIF FOUFSJOH 	L3PJ
 BOE MFBWJOH 	L3JP
 SBUFT GPS UIF SFMBYFE XPSNT 	'JH 
 XF TFF UIBU
UIF NPEFM JT TFOTJUJWF UP L3PJ CVU OPU UP L3JP 	BT MPOH BT UIFZ BSF MPX FOPVHI
 5IFSFGPSF L3JP L5PJ BOE

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Figure 3.8: Cumulative avoidance in the initial 10 hours as a function of K5 and K3. The points with error bars show
themeasured experimental areas under the curves (with standard error of themean). The black line shows themodel
predictions with ﬁtted parameters. The green continuous (dashed) curves showmodel predictions for changing values
of K3 from 2 to 10 times (1/2 to 1/10 times) the ﬁtted value. The red line show the same curves for changing K5.
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Figure 3.9: Cumulative avoidance in the initial 10 hours as a function of L5PJ and L5JP . The points with error bars show
themeasured experimental areas under the curves (with standard error of themean). The black line shows themodel
predictions with ﬁtted parameters. The green continuous (dashed) curves showmodel predictions for changing values
of L5PJ from 2 to 10 times (1/2 to 1/10 times) the ﬁtted value. The red line show the same curves for changing L5JP .
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Figure 3.10: Cumulative avoidance in the initial 10 hours as a function of L3PJ and L3JP. The points with error bars show
themeasured experimental areas under the curves (with standard error of themean). The black line shows themodel
predictions with ﬁtted parameters. The green continuous (dashed) curves showmodel predictions for changing values
of L3PJ from 2 to 10 times (1/2 to 1/10 times) the ﬁtted value. The red line show the same curves for changing L3JP.
K5 EP OPU TJHOJ୮ୢDBOUMZ B୭GFDU UIF JOJUJBM BNPVOU PG DVNVMBUJWF BWPJEBODF 5IJDI XPVME TVHHFTU UIBU
XF DPVME TFU UIFN BMM UP [FSP BOE CF BCMF UP SFEVDF UIF NPEFM UP B TUBUF TZTUFN 	SFMBYFE XPSNT
JOTJEF UIF MBXO SFMBYFE BOE TUSFTTFE XPSNT PVUTJEF
 IPXFWFS DMPTFS JOTQFDUJPO PG UIF BWPJEBODF
DVSWFT JO UIBU DBTF SFWFBMT UIBU UIF ୮ୢU PG UIF UISFF TUBUF NPEFM JT TJHOJ୮ୢDBOUMZ XPSTF RVBMJUBUJWFMZ
)FODF UIFTF UISFF QBSBNFUFST QMBZ NPSF TVCUMF SPMFT JO UIJT NPEFM CFZPOE XIBU DPVME CF DBQUVSFE
CZ DVNVMBUJWF BWPJEBODF BT BOBMZ[FE JO 'JHVSFT 
%FTQJUF UIFTF TIPSUDPNJOHT XF DBO VTF UIF TUBUF QIFOPNFOPMPHJDBM NPEFM UP SFQSPEVDF TPNF
GFBUVSFT PG UIF DPOEJUJPOJOH FYQFSJNFOUT *O UIF ୮ୢSTU TUBHF PG UIPTF BTTBZT UIF XPSNT BSF QSFWFOUFE
GSPN MFBWJOH UIF MBXO UIFSFGPSF XF TFU L3JP = L5JP =  XIJDI SFTVMUFE JO UIF TVCTUBOUJBM CVJMEVQ PG
UIF QIFSPNPOF JO UIF MBXO DPNQBSFE UP UIF TUBOEBSE BWPJEBODF BTTBZT 	'JH 

5IFO VTJOH UIBU ୮ୢOBM FMFWBUFE MFWFM PG UIF BMBSN TJHOBM BT UIF JOJUJBM DPOEJUJPO XF HFOFSBUFE BWPJE
BODF DVSWFT GPS UIF DPOEJUJPOJOH BTTBZ *O 'JH  DPOUJOVPVT MJOFT TIPX UIF NPEFM QSFEJDUJPO PWFS
MBQQJOH UIF EBUB QPJOUT GSPN UIF I DPOEJUJPOJOH FYQFSJNFOUT JO 'JH  	SFE  TPMJUBSZ XPSNT
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Figure 3.11: Concentration of pheromone B in the lawn for a standard avoidance experiment (continuous) and a condi-
tioning (dotted) experiment when L3JP = L5JP = .
CMBDL   XPSNT
 5IF NPEFM DMFBSMZ SFQSPEVDFT UIF JOJUJBM BDDFMFSBUJPO JO UIF BWPJEBODF CFIBWJPS
CVU UIFO UIF DVSWFT SFMBY CBDL UP TUFBEZ TUBUF MFWFMT 	'JH 
 5IJT JT B EFQBSUVSF GSPN UIF NFBTVSF
NFOU XIFSF BWPJEBODF XBT NPOPUPOPVTMZ JODSFBTJOH 	FTQFDJBMMZ JO DBTF PG/ = 

 $ঘগঌকঞজ঒ঘগজ
*O UIF BUUFNQU UP NPEFM UIF QBUIPHFO BWPJEBODF CFIBWJPS XF QSPQPTFE UXP NPEFMT UIBU XFSF BCMF
UP SFBTPOBCMZ SFQSPEVDF NBKPS GFBUVSFT PG UIF EBUB BU UXP FYUSFNFT 5IF FNQJSJDBM NPEFM SFMBUJOH
UIF CBDUFSJBM MBXO TQSFBEJOH BOE BWPJEBODF XBT TVDDFTTGVM BU MBUFS UJNFT JO UIF FYQFSJNFOU XIFSFBT
UIF QIFOPNFOPMPHJDBM NPEFM DFOUFSFE BSPVOE UIF JOUFSBDUJPO PG UIF XPSNT XJUI UIF QVUBUJWF QIFSPNPOF
XPSLFE XFMM EVSJOH FBSMZ UJNFT 5IJT TVHHFTUT UIBU UIF EZOBNJDT JT SFBMMZ UXP GPME BOE UIFTF UXP FG
GFDUT ESJWF UIF CFIBWJPS JO TFQBSBUF UJNF SFHJNFT
5IF JOJUJBM  IPVST BSF ESJWFO EJSFDUMZ CZ UIF BMBSN QIFSPNPOF 0VS QIFOPNFOPMPHJDBM NPEFM
XBT CBTFE PO UIF JEFB UIBU UIF XPSNT DPOTUJUVUJWFMZ TFDSFUFE BO BMBSN QIFSPNPOF XIJDI UIFZ DPVME
JOUFSBDU XJUI JO B DPODFOUSBUJPO EFQFOEFOU XBZ "MUIPVHI XF NBOBHFE UP ୮ୢOE B TFU PG QBSBNFUFST
GPS XIJDI XF XFSF BCMF UP SFQSPEVDF TPNF PG UIF/ EFQFOEFODF PG UIF JOJUJBM QMBUFBV 	'JH 
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Figure 3.12: Accelerated avoidance curve (continuous curves) from the phenomenological model (Fig. 3.5) with the
initial concentration of pheromone set at B(U = ) = . to simulate a conditioned lawn (red - solitary worms, black -
16worms). The dotted curves are data points from 30h conditioning experiment (Fig. 2.6) for comparison.
BSF TUJMM TPNF OPUBCMF EFQBSUVSFT 	DVSWFT GPS/ = , , 
 BOE UIF JOTFOTJUJWJUZ PG UIF NPEFM UP UISFF
QBSBNFUFST 	L3JP L5PJ BOE K5
 QPJOUT UP B DPODMVTJPO UIBU TPNF TUBUFT PS USBOTJUJPOT NBZ CF SFEVOEBOU
" NPEFM UIBU DPNCJOFE CPUI UIF F୭GFDUT PG UIF QIFSPNPOF BOE UIF TQSFBEJOH MBXO XPVME CF B
TJHOJ୮ୢDBOU JNQSPWFNFOU 4VDI NPEFM XPVME QSPCBCMZ DPOUBJO UXP TPVSDFT PG OPOMJOFBSJUZ "QBSU
GSPN UIF QIFSPNPOF )JMMT GVODUJPO EFTDSJCFE BCPWF JU XPVME BMTP IBWF B UFSN UIBU SFMBUFT BWPJEBODF
UP CBDUFSJBM TQSFBEJOH "T JOJUJBMMZ UIF ESJWJOH GPSDF CFIJOE TQSFBEJOH JT JODSFBTFE BWPJEBODF CVU MBUFS
PO JU JT QSPCBCMZ UIF FYUFSOBM CBDUFSJB UIBU LFFQ TPNF PG UIF XPSNT PVUTJEF PG UIF PSJHJOBM MBXO UIF
NPEFM XPVME IBWF UP DBQUVSF UIF GFFECBDL CFUXFFO UIFTF UXP F୭GFDUT
 .঎ঝ঑ঘ঍জ
5IF DVSWFT JO 'JH "#$ BOE 'JH  XFSF ୮ୢUUFE VTJOH .BUMBC 0QFO $VSWF 'JUUJOH BQQ 	cftool

XJUI DVTUPN ୮ୢU FRVBUJPOT BOE EFGBVMU TFUUJOHT

5IF CFTU QBSBNFUFST GPS UIF NPEFM JO &R  XFSF GPVOE VTJOH B OPOMJOFBS MFBTU TRVBSFT TPMWFS
	lsqcurvefit
 XJUI USVTUSFHJPOSF୯୳FDUJWF BMHPSJUIN NBYJNVN OVNCFS PG FWBMVBUJPOT BOE JUFS
BUJPOT CPUI TFU UP  BOE MPXFS BOE VQQFS CPVOET GPS FBDI QBSBNFUFS EF୮ୢOFE BT 	∞
 8F VTFE
POMZ ୮ୢSTU  GSBNFT 	I
 PG FBDI BWPJEBODF DVSWFT 5IF TFU PG QBSBNFUFST UIBU XF VTFE UISPVHI
PVU UIJT DIBQUFS UP QMPU UIF NPEFM SFTVMUT JO 'JH  XFSF UIF POFT ୮ୢUUFE UP/ =  BWPJEBODF
DVSWF L35J = . L5JP = . L5PJ = . L53P = . L3PJ = . L3JP = .
K5 = . K3 = . Ɉ = . O = . BOE B = . 5IF JOJUJBM DPOEJUJPOT VTFE
XFSF/5J = /5P = /3P = /3J =  BOE B(U = ) = 
5IF DVSWFT QSFEJDUFE CZ UIF QIFOPNFOPMPHJDBM NPEFM XFSF GPVOE VTJOH BO PSEJOBSZ EJ୭GFSFOUJBM
FRVBUJPO TPMWFS ode45 VTJOH BCPWF QBSBNFUFST BOE BQQSPQSJBUF JOJUJBM DPOEJUJPOT

4
.PMFDVMBS NFDIBOJDT PG DPMMFDUJWF BWPJEBODF
0ODF XF FTUBCMJTIFE UIBU QBUIPHFO BWPJEBODF JO $ FMFHBOT EFQFOET PO UIF OFNBUPEF EFOTJUZ XF EF
DJEFE UP UBLF BEWBOUBHF PG UIF BDDFTTJCMF HFOFUJDT PG UIJT NPEFM PSHBOJTN BOE JOWFTUJHBUF UIF NPMFDV
MBS NFDIBOJTN CFIJOE UIJT QIFOPNFOPO 8F IZQPUIFTJ[FE UIBU UIF JOUFSBDUJPO CFUXFFO DPOTQFDJ୮ୢDT
JT NFEJBUFE CZ B TFDSFUFE DIFNJDBM 	JF UIF BMBSN QIFSPNPOF
 BOE UIFSFGPSF XF XJMM MPPL GPS OFV
SPOT UIBU BSF OFDFTTBSZ JO EFUFDUJOH JU 	TFDUJPO 
 BOE BMTP UFTU XIFUIFS BOZ LOPXO HFOFT JOWPMWFE JO
QIFSPNPOF CJPTZOUIFTJT BSF BMTP SFRVJSFE JO JUT QSPEVDUJPO 	TFDUJPO 
 5IFO XF XJMM UFTU XIFUIFS

Figure 4.1: (A) shows averaged avoidance curves for solitary andmultiple N2worms. Shaded area between them is a
measure of collective avoidance and corresponds to the red bar in (B). (B) The triangle (circle) shows the area under a
multiple-worm (solitary) avoidance curve in (A), the red bar is the difference between them and the error is the sum of
standard deviations in both conditions betweenmultiple repeats.
TFSPUPOJO 	DSVDJBM JO NPEVMBUJOH BWFSTJWF MFBSOJOH 
 PS JOEFFE BOZ PUIFS CJPBNJOF JT OFDFTTBSZ GPS
DPMMFDUJWF BWPJEBODF SFHVMBUJPO 	TFDUJPO 
 'JOBMMZ XF XJMM BTL XIFUIFS UIJT CFIBWJPSBM EFGFOTF
NFDIBOJTN JT EFQFOEFOU PO BOZ JOOBUF JNNVOJUZ HFOFUJD TJHOBMJOH QBUIXBZT UIBU IFMQ $ FMFHBOT
TVSWJWF JOGFDUJPO CZ 1" 	TFDUJPO 

'PS CSFWJUZ JOTUFBE PG QSFTFOUJOH UIF GVMM BWPJEBODF DVSWFT GPS NVMUJQMF BOE TPMJUBSZ XPSNT XF
XJMM DPNQVUF B EJ୭GFSFODF CFUXFFO UIFN &BDI FYQFSJNFOU QSPEVDFT TFWFSBM BWPJEBODF DVSWFT GPS B
HJWFO DPOEJUJPO B/J (UK) XIFSF J JT B SFQFBU OVNCFS 	J = , , ..., S
/ JT UIF DPOEJUJPO FH B OVNCFS
PG XPSNT BOE K JT UIF GSBNF OVNCFS B/J (UK) JT KVTU B GSBDUJPO PG XPSNT PVUTJEF PG UIF CBDUFSJBM MBXO 
 ≤ B/J (UK) ≤  BU FBDI UJNF QPJOU UK 	UK+ − UK = NJO
 5IF UPUBM BSFB VOEFS UIF BWPJEBODF DVSWF
PG POF PG UIF SFQFBUT JT KVTU B TVN PG BMM UIF BWPJEBODF GSBDUJPOT
"/J =
KNBY∑
K=
B/J (UK).

5IFO XF DBO ୮ୢOE UIF BWFSBHF BSFB VOEFS UIF BWPJEBODF DVSWFT GPS NVMUJQMF XPSNT 	"  B USJBOHMF
JO 'JH #
 BOE TPMJUBSZ XPSNT 	"  B GVMM DJSDMF JO 'JH #
 BOE QMPU UIF EJ୭GFSFODF CFUXFFO UIFN
BT B CBS HSBQI 	'JH #
 XJUI UIF FSSPS CBS DPSSFTQPOEJOH UP UIF BEEFE TUBOEBSE EFWJBUJPOT GPS FBDI
DPOEJUJPO 'JH " TIPXT BO FYBNQMF PG UXP BWFSBHF BWPJEBODF DVSWFT GPS TPMJUBSZ BOE  XPSN
QPQVMBUJPOT PG $ FMFHBOT/ 	XJME UZQF TUSBJO
 BOE UIF TIBEFE BSFB CFUXFFO UIFN DPSSFTQPOET UP
UIF SFE CBS JO 'JH #
 /঎ঞছঘঋ঒ঘকঘঐঢ ঘএ $ FMFHBOT
$ FMFHBOT IBT B TJNQMF CVU OPOUSJWJBM OFVSBM TZTUFN UIBU FOBCMFT JU UP EFUFDU B XJEF WBSJFUZ PG DIFN
JDBM DPNQPVOET  5IFSFGPSF JG UIF DPMMFDUJWF BWPJEBODF JT ESJWFO CZ B DIFNJDBM TFDSFUFE JOUP UIF
CBDUFSJBM MBXO JU IBT UP CF UIFO EFUFDUFE CZ PUIFS OFNBUPEFT 8F UIFSFGPSF FYQFDU UIBU POF PS NPSF
PG UIF XPSNؠT TFOTPSZ OFVSPOT XJMM DBSSZ UIF SFDFQUPS UIBU CJOET UIF BMBSN QIFSPNPOF BOE ESJWFT
UIF DPNNVOJDBUJPO CFUXFFO UIF OFNBUPEFT JO UIF BWPJEBODF FYQFSJNFOU *O UIJT TFDUJPO XF XJMM
JEFOUJGZ UIJT OFVSPO
 #ঊঌঔঐছঘঞগ঍
$ FMFHBOT IFSNBQISPEJUF IBT  OFVSPOT UIBU GBMM JOUP UISFF NBJO DBUFHPSJFT  NPUPS OFVSPOT
	XIJDI QSPEVDF NVTDMF DPOUSBDUJPOT
 JOUFSOFVSPOT 	JOUFHSBUF TFOTPSZ TJHOBMT BOE SFMBZ DPNNBOET
UP NPUPS OFVSPOT
 BOE TFOTPSZ OFVSPOT 	XIJDI HBUIFS JOGPSNBUJPO GSPN FYUFSOBM BT XFMM BT JOUFSOBM
FOWJSPONFOUT
 5IF EJWJTJPO JT OPU DMFBS DVU BT TPNF PG UIFTF OFVSPOBM DFMMT NBZ GBMM JO NPSF UIBO
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"QBSU GSPN NFDIBOPTFOTPSZ OFVSPOT  	SFTQPOTJCMF GPS TFOTJOH UPVDI
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Figure 4.2: (A) Shows a schematic of$ FMFHBOTwith two sensory organs: amphid and phasmid in the anterior and
posterior of the animal. The cilia that detect chemical cues from the environment in the amphid extend back towards
the nerve ring where bodies of the nerve cells are located andwhere theymake synaptic connections to other neu-
rons. (B) Shows a schematic cross section through the amphid with seven ciliated neurons in direct contact with the
environment and four neurons whose cilia terminate in the cuticle. 13
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"NQIJET BOE QIBTNJET QSPWJEF PQFOJOHT GPS OFVSPOBM DJMJB 	UIJO NJDSPUVCVMF CBTFE FYUFOTJPOT
TQFDJBMJ[FE BT SFDFQUPST 
 UP NBLF DPOUBDU XJUI UIF FYUFSOBM FOWJSPONFOU "NQIJET DPOUBJO 
QBJST PG TFOTPSZ OFVSPOT 	 QBJST JO QIBTNJET
 &JHIU QBJST BSF EJSFDUMZ FYQPTFE  BOE UIPVHIU UP CF
SFDFQUPST GPS XBUFSTPMVCMF DIFNJDBMT UIF SFNBJOJOH OFVSPOBM FOEJOHT BSF DPWFSFE CZ B TIFBUI DFMM
BOE BSF OPU FYQPTFE UISPVHI UIF BNQIJE QPSF 	'JH C
 0G UIF MBUUFS OFVSPOT UISFF 	"8" BOE
"8$ UIPVHIU UP EFUFDU BUUSBDUJWF BOE "8# SFQVMTJWF TUJNVMJ 
 BSF PMGBDUPSZ SFDFQUPST  BOE "'%
IBT CFFO QSJNBSJMZ TUVEJFE GPS JUT SPMF JO UIFSNBM TFOTBUJPO 
5IF TFOTPSZ OFVSPOT BSF BCMF UP EFUFDU FOWJSPONFOUBM DIFNJDBM DVFT UIBOLT UP ( QSPUFJODPVQMFE
SFDFQUPST 	(1$3T
  5IFTF QSPUFJOT BSF MPDBMJ[FE UP B DFMM NFNCSBOF 	VTVBMMZ JO UIF DJMJB JO UIF TFO
TPSZ OFVSPOT 
 BOE DPOUBJO BO FYUSBDFMMVMBS QBSU XIJDI CJOET UP B TQFDJ୮ୢD MJHBOE VQPO XIJDI
B DPOGPSNBUJPO DIBOHF BMUFST JUT DZUPQMBTNJD QBSUؠT JOUFSBDUJPO XJUI B (QSPUFJO  5IF (
QSPUFJOT UIFO BSF BCMF UP USBOTNJU UIF FOWJSPONFOUBM TJHOBMT EPXOTUSFBN $ FMFHBOT HFOPNF DPO
UBJOT B TUSJLJOHMZ BCVOEBOU BOE EJWFSTF DPMMFDUJPO PG QVUBUJWF (1$3T  8FMM PWFS B UIPVTBOE HFOFT
	ॎ PG UIF FOUJSF HFOPNF
 JO JUT %/" BSF DBOEJEBUF SFDFQUPST XIJDI DPVME CF DMBTTJ୮ୢFE JO  GBNJ
MJFT  B NVDI IJHIFS (1$3 HFOFUJD WBSJBCJMJUZ UIBO JO NBNNBMT PS JOTFDUT  )PXFWFS B TZTUFNBUJD
LOPDL EPXO TUVEZ  IBT TIPXO UIBU GFX (1$3T JG BOZ BSF FTTFOUJBM HFOFT GPS $ FMFHBOT WJBCJMJUZ
'VSUIFSNPSF CFDBVTF (1$3T BSF GBS NPSF OVNFSPVT UIBO JOEJWJEVBM TFOTPSZ OFVSPOT NBOZ EJ୭GFS
FOU SFDFQUPST BSF FYQSFTTFE JO FBDI DFMM TPNF PG UIFN NBZ IBWF SFEVOEBOU PS PWFSMBQQJOH GVODUJPOT
	FH JO UIF UZQF PS B DPODFOUSBUJPO SBOHF PG B MJHBOE UIFZ CJOE
 5IJT NBLFT JU EJ୭୮ୢDVMU UP EFUFSNJOF
MJHBOE(1$3 QBJST BOE TP GBS POMZ B IBOEGVM SFDFQUPST IBWF CFFO VOBNCJHVPVTMZ QBJSFE XJUI UIFJS
MJHBOET 
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	Q
NVUBOU XIJDI JT EFGFDUJWF JO EFWFMPQNFOU BOE TFOTPSZ GVODUJPO PG BMM DJMJBUFE DIFNPTFOTPSZ
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Figure 4.3: Collective avoidance for various neuronal mutants. The triangle (circle) shows the area under amultiple-
worm (solitary) avoidance curve, the red bar is the difference between them and the error is the sum of standard
deviations in both conditions betweenmultiple repeats.
OFVSPOT 5IF XPSN BWPJEBODF DVSWF XBT EFMBZFE BOE TJOHMF XPSN QMBUFT XFSF TJNJMBS UP /
	'JH 
 TVHHFTUJOH UIBU DJMJBUFE TFOTPSZ OFVSPOT BSF JOWPMWFE JO UIJT CFIBWJPS
5P OBSSPX EPXO UIF TFU PG OFVSPOT UIBU BSF SFMFWBOU GPS UIJT QIFOPUZQF XF UFTUFE BO PTN	Q

NVUBOU XIJDI JT EFGFDUJWF JO GVODUJPO PG BMM DIFNPTFOTPSZ OFVSPOT FYDFQU PMGBDUPSZ OFVSPOT 	JF
"8" "8# BOE "8$
 BT XFMM BT BOPUIFS BMMFMF  PTN	O
 XIJDI JT EFGFDUJWF JO BMM DIFNPTFO
TPSZ OFVSPOT BQBSU GSPN PMGBDUPSZ BOE "%'  'JH  TIPXT UIBU UIF EJ୭GFSFODF CFUXFFO TJOHMF
BOE  XPSNT JO QNVUBOU JT EJNJOJTIFE CVU O MPPLT BMNPTU MJLF / JOEJDBUJOH UIBU UIF TFU PG
TFOTPSZ OFVSPOT OFDFTTBSZ GPS UIF EFOTJUZ EFQFOEFOU BWPJEBODF CFIBWJPS JT B TVCTFU PG "8" "8#
"8$ BOE "%'
8F DBO GVSUIFS EJWJEF UIF TFOTPSZ OFVSPOT JOUP UXP HSPVQT EFQFOEJOH PO B UZQF PG JPO DIBOOFM
UIBU UIFZ FYQSFTT 'PVS DIFNPTFOTPSZ OFVSPOT FYQSFTT PDSPTN  B USBOTJFOU SFDFQUPS QPUFOUJBM

	5317
 DIBOOFM  BOE UIF SFTU B UBYUBY  B DZDMJD OVDMFPUJEFHBUFE DIBOOFM  	UBCMF 
 *O
"8$ BOE "4& PTN GVODUJPOT BEEJUJPOBMMZ BT B SFHVMBUPS 
Table 4.1: Amphid sensory neurons that express two different two-component calcium channels: TRPV channel (PDS
PTN) and cyclic nucleotide-gated channel UBYUBY.
PDSPTN "8" "%' "4) "%-
UBYUBY "8# "8$ "4& "4* "4( "4+ "4,
UBYNVUBUJPO IBT SFEVDFE UIF EJ୭GFSFODF JO BWPJEBODF CFUXFFO TJOHMF BOE  XPSNT TVHHFTUJOH
UIBU UIJT DBMDJVN DIBOOFM JT JOWPMWFE JO UIF DPMMFDUJWF BWPJEBODF PTNNVUBOU  IBE B WFSZ EJ୭GFSFOU
F୭GFDU  BMUIPVHI JU EJE SFEVDF UIF EJ୭GFSFODF CFUXFFO B TJOHMF BOE  XPSN DVSWFT JU BMTP BDDFMFS
BUFE UIF FOUJSF BWPJEBODF EZOBNJDT 	OPUF UIF BSFBT VOEFS BWPJEBODF DVSWFT GPS NVMUJQMF BOE TPMJUBSZ
XPSNT JT NVDI IJHIFS UIBO GPS /
 &MJNJOBUJOH UIF TFDPOE DPNQPOFOU PG UIF 5317 DIBOOFM 
PDS QSPEVDFE UIF TBNF F୭GFDU
8F DBO GVSUIFS OBSSPX EPXO UIF TFBSDI GPS NJOJNBM TVCTFU PG SFMFWBOU OFVSPOT CZ UFTUJOH HFOFT
UIBU BSF UFSNJOBM EJ୭GFSFOUJBUPST PG TQFDJ୮ୢD OFVSPOT UUY  MJN  BOE DFI  BSF SFTQPOTJCMF GPS
TQFDJ୮ୢDBUJPO PG "*: JOUFSOFVSPO "8# BOE "8$ TFOTPSZ OFVSPOT SFTQFDUJWFMZ .VUBUJPOT JO UIPTF
HFOFT EP OPU TJHOJ୮ୢDBOUMZ EJTSVQU UIF DPNNVOJUZ EFQFOEFOU BWPJEBODF CFIBWJPS JOEJDBUJOH UIBU
UIPTF OFVSPOT BSF FJUIFS SFEVOEBOU PS EP OPU UBLF QBSU JO UIJT QIFOPUZQF 	BMUIPVHI UIFZ XFSF BMM
JNQMJDBUFE JO BWFSTJWF MFBSOJOH  PS QBUIPHFO BWPJEBODF  JO UIF QBTU
 %FUBJMFE BWPJEBODF DVSWFT
GPS "8# BOE "8$ BSF TIPXO JO 'JH  4JNJMBSMZ "4, OFVSPO BQQFBST UP CF VOOFDFTTBSZ BT UIF
USBOTHFOJD XPSN 14 	FYQSFTTJOH B RS*T <TSBN$BTQ> DPOTUSVDU UIBU HFOFUJDBMMZ BCMBUFT UIF
DFMM
 TUJMM JT DBQBCMF PG DPMMFDUJWF BWPJEBODF
5IF MBTU SFNBJOJOH PMGBDUPSZ OFVSPO QSFTFOUFE B EJ୭GFSFOU TUPSZ .VUBUJPO JO PES SFRVJSFE GPS
"8" TQFDJ୮ୢDBUJPO  FMJNJOBUFE UIF EJ୭GFSFODF CFUXFFO TJOHMF BOE NVMUJQMF BOJNBMT CZ EFMBZJOH
UIF  XPSN DVSWFT 	'JH 
 5IJT CSPVHIU EPXO UIF DPMMFDUJWF BWPJEBODF UP MFWFMT PG PTN 	'JH

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Figure 4.4: Pathogen avoidance of solitary and groups of 16 MJN and DFImutants deﬁcient in AWB and AWC
neuron development respectively.

 JOEJDBUJOH UIBU "8" OFVSPO JT FTTFOUJBM GPS UIJT CFIBWJPS
5P WFSJGZ UIBU PESXPSNT XFSF VOBCMF UP EFUFDU TJHOBMT UIBU QSPNPUF DPMMFDUJWF BWPJEBODF CVU
XFSF DBQBCMF PG QSPEVDJOH UIF QIFSPNPOF XF QFSGPSNFE DPOEJUJPOJOH FYQFSJNFOUT XJUI PES
BOE XJME UZQF BOJNBMT 'JSTU XF DPOEJUJPOFE B MBXO PG 1" XJUI PES BOJNBMT GPS  IPVST XJUI
B NFUBM SJOH UIBU QSFWFOUFE UIFN GSPN MFBWJOH UIF MBXO 8F UIFO SFNPWFE UIF SJOHT BOE SFQMBDFE UIF
NVUBOUT XJUI OBJWF XJME UZQF XPSNT 5IFTF OFNBUPEFT BWPJEFE UIF DPOEJUJPOFE MBXOT XJUI TJNJ
MBS LJOFUJDT UP BWPJEBODF PO MBXOT QSFDPOEJUJPOFE CZ PUIFS XJME UZQF XPSNT TVHHFTUJOH UIBU PES
NVUBOUT BSF DBQBCMF PG QSPEVDJOH UIF BWPJEBODF TJHOBM *O UVSO PES BOJNBMT FYQPTFE UP MBXOT DPO
EJUJPOFE CZ XJME UZQF XPSNT GPS  IPVST TUBZFE JO UIF MBXO GPS NVDI MPOHFS UIBO XJME UZQF XPSNT
	'JH 
 5IJT SFTVMU TVQQPSUT B IZQPUIFTJT UIBU PES BOJNBMT BSF EFGFDUJWF JO EFUFDUJPO PG UIF BMBSN
QIFSPNPOF CVU BSF BEFQU BU JUT QSPEVDUJPO

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Figure 4.5: Pathogen avoidance of solitary and groups of 16 PESmutant deﬁcient in AWAneuron development.
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Figure 4.6: Avoidance of preconditioned plates. Wild-type worms avoided lawns that were preconditioned by PES
mutants, but not the other way around.
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" TZTUFNBUJD SFTFBSDI PO UIF QIFSPNPOBM DPNNVOJDBUJPO CFUXFFO $ FMFHBOT IBT TUBSUFE POMZ 
ZFBST BHP  BOE XF LOPX POMZ B TNBMM GSBDUJPO PG UIF HFOFUJD OFUXPSL JOWPMWFE JO UIF CJPTZO
UIFTJT PG UIPTF NPMFDVMFT /FWFSUIFMFTT JO UIJT TFDUJPO XF XJMM BTL XIFUIFS BOZ HFOFT OFDFTTBSZ GPS
QIFSPNPOF QSPEVDUJPO BSF BMTP SFRVJSFE GPS UIF HFOFSBUJPO PG UIF QVUBUJWF BMBSN QIFSPNPOF BOE
UIFSFGPSF OFDFTTBSZ GPS DPMMFDUJWF BWPJEBODF 
 #ঊঌঔঐছঘঞগ঍
"QBSU GSPN CFIBWJPST UIBU $ FMFHBOT BSF DBQBCMF PG FYFDVUJOH CZ UIFNTFMWFT UIFZ DBO BMTP QFSGPSN
BDUJPOT JO DPPSEJOBUJPO XJUI UIFJS DPOTQFDJ୮ୢDT $PMMFDUJWF CFIBWJPST JO $ FMFHBOT IBWF CFFO LOPXO
GPS PWFS UISFF EFDBEFT 5IF EFWFMPQNFOUBM EFDJTJPO PG XIFUIFS UP FOUFS UIF BMUFSOBUJWF MBSWBM TUBHF
EBVFSXBT GPVOE UP CF SFHVMBUFE CZ UIF DPODFOUSBUJPO PG DPOTUJUVUJWFMZ FYQSFTTFE QIFSPNPOFT 	EBV
NPOF
 XIJDI UIF XPSNT VTF BT B QSPYZ UP NFBTVSF QPQVMBUJPO EFOTJUZ  )PXFWFS UIF DIFNJDBM
OBUVSF PG UIF QIFSPNPOFT SFNBJOFE FMVTJWF VOUJM  XIFO  UIFZ XFSF TIPXO UP CF B DPDLUBJM PG
TFWFSBM EJ୭GFSFOU GBUUZ BDJE EFSJWBUJWFT LOPXO BT BTDBSPTJEFT 
"TDBSPTJEFT XFSF PSJHJOBMMZ QVSJ୮ୢFE GSPN B MBZFS PG BO FHH PG B IVNBO JOUFTUJOBM QBSBTJUF"TDBSॷ
MVNCSJDPJEॶ PWFS B DFOUVSZ BHP CVU JU UPPL BEEJUJPOBM GPVS EFDBEFT GPS B EFUBJMFE DIFNJDBM BOBMZ
TJT $PNNPO TUSVDUVSBM GFBUVSFT PG UIFTF TJHOBMJOH NPMFDVMFT  JODMVEF UIF BTDBSZMPTF DPSF
XJUI B GBUUZ BDJE EFSJWFE TJEF DIBJO 	'JH
 *O BEEJUJPO EJ୭GFSFOU BTDBSPTJEFT IBWF POF PS NPSF
SFTJEVFT UIBU BSF EFSJWBUJWFT PG USZQUPQIBO HMVDPTF PS QBNJOPCFO[PJD BDJE 	1"#"
 UIBU BSF BU
UBDIFE UP UIF BTBDSZMPTF SJOH PS BU UIF FOE PG UIF TJEF DIBJO MFBEJOH UP B MBSHF DPNCJOBUPSJBM EJWFSTJUZ
)VOESFET PG EJ୭GFSFOU BTDBSPTJEFT IBWF CFFO JTPMBUFE BOE XFSF TIPXO UIBU UIFJS GVODUJPO DIBOHFT
EFQFOEJOH PO DPODFOUSBUJPO BOE QSFTFODF PG PUIFS BTDBSPTJEFT JO UIF NJY 
3FDFOU XPSL  IBT EFUFSNJOFE UIBU UIF BTDBSPTJEF TJEF DIBJO VOEFSHPFT B QFSPYJTPNBM ȿ

Figure 4.7: A schematic representation of ascaroside structure. Themolecules are composed of the asacrylose ring
(red), a fatty acid derived side chain (green) and several residues that are derivatives of tryptophan, glucose or p-
aminobenzoic acid (magenta) 200.
PYJEBUJPO  B TUFQ QSPDFTT UIBU OPSNBMMZ TIPSUFOT MPOHDIBJO GBUUZ BDJET JUFSBUJWFMZ CZ UXP DBSCPO
VOJUT QSPEVDJOH BDFUZM$P" UIBU FOUFST UIF DJUSJD BDJE DZDMF  5IF ୮ୢSTU HFOF EBG JOWPMWFE
JO UIJT CJPSFBDUJPO XBT JEFOUJ୮ୢFE TIPSUMZ BG୴FS EJTDPWFSZ PG UIF EBVNPOF CZ SBOEPN NVUBHFOF
TJT BOE TZTUFNBUJD TDSFFOJOH GPS NVUBOUT VOBCMF UP QSPEVDF UIF EBVFS QIFSPNPOF  *OUFSFTUJOHMZ
USBOTHFOJD JOUFTUJOBM EBG FYQSFTTJPO XBT MBUFS GPVOE UP CF TV୭୮ୢDJFOU UP SFTUPSF EBVFS BDUJWJUZ PG
EBGNVUBOUT  TVHHFTUJOH UIBU BTDBSPTJEFT BSF TZOUIFTJ[FE JO UIF JOUFTUJOF .PSF SFDFOU NBTT
TQFDUSPNFUSZCBTFE DPNQBSBUJWF NFUBCPMPNJDT SFWFBMFE UISFF PUIFS HFOFT JOWPMWFE JO UIF QSPDFTT
BDPY NBPD  BOE EIT 
5IF HFOFSBUJPO PG BTDBSPTJEF TJEF DIBJO JT UIF CFTU TUVEJFE BTQFDU PG UIF QIFSPNPOF CJPTZOUIFTJT
QSPDFTT 	'JH 
 "TDBSZMPTF CJPTZOUIFTJT PO UIF PUIFS IBOE IBT OPU CFFO JOWFTUJHBUFE JO EFUBJM 
5IFSF BSF B GFX DBOEJEBUF HFOFT UIBU BSF IPNPMPHPVT UP CBDUFSJBM BTDBSPMZTF 	FH BTD& GSPN :FSTJOJB
QTFVEPUVCFSDVMPTॷ 
 CVU UIFZ IBWF OPU CFFO UFTUFE 4JNJMBSMZ HFOFT SFRVJSFE GPS BUUBDINFOU PG
EJ୭GFSFOU SFTJEVFT BSF VOLOPXO
.PSF SFDFOUMZ BTDBSPTJEF TZOUIFTJT BOE FYDSFUJPO XBT TIPXO UP CF EFQFOEFOU PO B OVNCFS PG
FOWJSPONFOUBM GBDUPST 5IF DPODFOUSBUJPO PG EJ୭GFSFOU QIFSPNPOFT JOTJEF UIF BOJNBM 	BOE PVUTJEF

Figure 4.8: A putativemodel of ascaroside synthesis from very long chain fatty acids that are processed in the per-
ixosomes and upon addition of ascarylose are transformed into ascarosides whose side chains are then trimmed by
sequence of different enzymes including BDPY,NBPD, EIT and EBG. Finally, different functional groups are
added to themolecules that specify their functionality230.
JO B MJRVJE NFEJB
 EFQFOET OPU POMZ PO UIF TFY PG UIF BOJNBM  CVU BMTP JUT EJFU BOE MJGF TUBHF 
UFNQFSBUVSF PG DVMUJWBUJPO BOE XIFUIFS UIF BOJNBMT BSF XFMM GFE PS TUBSWFE  5IFSFGPSF JU
TIPVME OPU DPNF BT B TVSQSJTF UIBU BTDBSPTJEFT DPVME CF FYQMPJUFE CZ UIF OFNBUPEFT UP DPNNVOJDBUF
UIFJS TUBUVT UP UIFJS DPOTQFDJ୮ୢDT BOE ESJWF NPSF DPNQMFY CFIBWJPST UIJT XBZ 
"QBSU GSPN UIF EFDJTJPO UP FOUFS BO BMUFSOBUJWF EFWFMPQNFOUBM TUBHF EBVFS  EBVNPOF IBT CFFO
JNQMJDBUFE JO SFHVMBUJOH UIF QPQVMBUJPO EFOTJUZ EFQFOEFODF PG DIFNPUBYJT  BOE PMGBDUPSZ QMBT
UJDJUZ  JF DIBOHF JO DIFNPUBDUJD SFTQPOTF EVF UP FYQFSJFODF 0UIFS BTDBSPTJEFT XFSF TIPXO UP
DPOUSPM NBUJOH CFIBWJPST  BT XFMM BT BHHSFHBUJPO BOE SFQVMTJPO  BOE FWFO MPOHFWJUZ BOE
TUSFTT SFTJTUBODF 
5IJT MJTU JT OPO FYIBVTUJWF BT NBOZ NPSF QPQVMBUJPO EFOTJUZ EFQFOEFOU CFIBWJPST XFSF BMSFBEZ
SFQPSUFE CVU OP PCWJPVT QIFSPNPOF MJOL XBT JEFOUJ୮ୢFE ZFU *O XPSN QPQVMBUJPOT BU IJHIFS EFO
TJUJFT OFNBUPEFT BSF NPSF MJLFMZ UP EJTQFSTF UP TFBSDI GPS PUIFS QBUDIFT PG GPPE TUBSWJOH MBSWBF
BSF NPSF MJLFMZ UP TVSWJWF GPS MPOHFS  BOE MBSHF QPQVMBUJPOT ESJWF B NPSF SPCVTU EFWFMPQNFOU PG

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Figure 4.9: (A) Pheromone biosynthesis pathway230. (B) PA14 avoidance of solitary and groups of 16mutant worms
deﬁcient in pheromone synthesis genes.
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5P UFTU JG UIF QVUBUJWF BMBSN QIFSPNPOF XBT SFMBUFE UP BTDBSPTJEF CJPTZOUIFTJT XF DIBSBDUFSJ[FE UIF
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Figure 4.10: Pathogen avoidance of solitary and groups of 16 BDPYmutant.
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Figure 4.11: Avoidance of preconditioned plates. Wild-type (N2) wormswere placed on lawns that were precondi-
tioned by BDPYmutants for 18 hours (red curves). Their avoidance was not signiﬁcantly accelerated. Conversely,
whenN2wormswere used in the preconditioning stage and the avoidance of BDPYwormswas recorded the avoid-
ance was accelerated (brown curve).
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Figure 4.12: $ FMFHBOT uses four bioamines as neuropeptides that modulate all of its behaviors. Serotonin, dopamine,
octopamine and tyramine are all derived from tryptophan and tyrosine amino acids through a series of steps36.
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Figure 4.13: Collective avoidance for various endocrinemutants. Blue, green, yellow and red bars correspond to genes
involved in dopamine, serotonin, octopamine and tyramine regulation respectively. A vesicular monoamine trans-
porter CAT-1 is used by all four bioamines for transport out of the cell and TDC-1 is involved in synthesis of both oc-
topamine and tyramine. The triangle (circle) shows the area under amultiple-worm (solitary) avoidance curve, the bar
is the difference between them and the error is the sum of standard deviations in both conditions betweenmultiple
repeats.
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DVUJDMF NBEF PG DPMMBHFO BOE DIJUJO XIJDI NBLF VQ UIF FYPTLFMFUPO PG UIF XPSN *O BEEJUJPO UIF
QIBSZOHFBM HSJOEFS EFTUSPZT NJDSPPSHBOJTNT UIBU BSF UBLFO VQ EVSJOH GFFEJOH 5IJT QSFWFOUT MJWF
QBUIPHFOT GSPN SFBDIJOH UIF JOUFTUJOF BOE FTUBCMJTIJOH BO JOGFDUJPO *O GBDU NVUBOUT UIBU IBWF B
EFGFDUJWF HSJOEFS BSF GPVOE UP CF NPSF TVTDFQUJCMF UP CBDUFSJB 
5IF TFDPOE MJOF PG EFGFOTF JT UIF DFMMVMBS JNNVOF TZTUFN $ FMFHBOT  KVTU MJLF PUIFS JOWFSUF
CSBUFT MBDLT B NBNNBMJBOTUZMF BEBQUJWF JNNVOF TZTUFN 'VSUIFSNPSF VOMJLF PUIFS JOWFSUFCSBUFT
UIF OFNBUPEFT EP OPU IBWF TQFDJBMJ[FE JNNVOF DFMMT TJNJMBS UP GPS FYBNQMF %SPTPQIJMB XIFSF
NBDSPQIBHFMJLF IFNPDZUFT DBO FOHVMG JOWBEJOH NJDSPCFT 	UIF POMZ DFMMT JO UIF $ FMFHBOT CPEZ
DBWJUZ BSF TJY DPFMPNPDZUFT XIJDI BSF JODBQBCMF PG QIBHPDZUPTJT CVU SBUIFS GVODUJPO BT TDBWFOHFS DFMMT
XJUI IJHI FOEPDZUJD DBQBDJUZ
 %FTQJUF UIFTF EJ୭GFSFODFT $ FMFHBOT IBT B DPNQMFY JOEVDJCMF EFGFOTF
NFDIBOJTN UIBU JOWPMWFT NVMUJQMF TJHOBMJOH DBTDBEFT XIJDI SFHVMBUF UIF QSPEVDUJPO PG BOUJNJDSP
CJBM QFQUJEFT BOE QSPUFJOT 	FH DBFOPQPSFT  MZTP[ZNFT  BOE MFDUJOT 
 XJUI B QSPWFO SFDPSE PG
BOUJCBDUFSJBM BDUJWJUZ  JO B QBUIPHFO BOE UJTTVFTQFDJ୮ୢD XBZ
" NPEFM PG QBUIPHFOFTJT PG $ FMFHBOT IBT CFFO QSPQPTFE  ZFBST BHP  BOE XJUIJO UIJT TIPSU
BNPVOU PG UJNF B HSFBU DPNQMFYJUZ PG UIF OFNBUPEFؠT JNNVOF TZTUFN IBT CFFO EFTDSJCFE  *U JT

VOTVSQSJTJOH UIBU B CBDUFSJWPSF UIBU JO UIF XJME IBT UP JOUFSBDU XJUI CBDUFSJBM  GVOHBM  BOE WJSBM
QBUIPHFOT IBT FWPMWFE B WBSJFUZ PG HFOFUJD TUSBUFHJFT PG QSPUFDUJOH JUTFMG 5IF NJDSPCJBM BUUBDLT NVTU
VTVBMMZ PWFSDPNF UIF QIZTJDBM CBSSJFST ୮ୢSTU CFGPSF UIF JOGFDUJPO DBO UBLF QMBDF .VDI SFTFBSDI IBT
CFFO GPDVTFE PO CBDUFSJB UIBU BSF BCMF UP BWPJE CFJOH EFTUSPZFE JO UIF HSJOEFS BOE FTUBCMJTI JOUFTUJOBM
DPMPOJFT  0UIFS CBDUFSJB VTF BOBM BOE VUFSJOF  PQFOJOHT UP JOWBEF UIF OFNBUPEF 4PNF
GVOHBM QBUIPHFOT BUUBDI UIFNTFMWFT UP UIF DVUJDMF BOE HSPX JOUP UIF BOJNBM 	VTJOH BNQIJE PS WVMWBM
PSJ୮ୢDJFT
  "MUIPVHI BMM PG UIFTF QBUIPHFOT TUBZ PVU PG UIF DFMM PG $ FMFHBOT  UIJT JT OPU B SVMF BT UIF
୮ୢSTU JOUSBDFMMVMBS GVOHBM QBUIPHFO XBT EJTDPWFSFE SFDFOUMZ  'JOBMMZ TPNF NJDSPPSHBOJTNT EP OPU
IBWF UP QIZTJDBMMZ JOWBEF UIF BOJNBM UP LJMM JU 5IF QMBHVF CBDUFSJB 	:FSTJOJB QFTUॷ
 DSFBUFT B ୮ୢMN JO
GSPOU PG $ FMFHBOT QIBSZOY BOE CMPDLT JUؠT GPPE JOUBLF BOE WBSJPVT 1TFVEPNPOॵ QSPEVDF UPYJOT
UIBU VOEFS UIF SJHIU DPOEJUJPOT MFBE UP UIF OFNBUPEFؠT RVJDL EFBUI 
0OF PG UIF ୮ୢSTU NPEFMT  PG $ FMFHBOT QBUIPHFO JOGFDUJPO VTFE 1TFVEPNPOॵ BFSVHJOPTB 1"
 B HSBN OFHBUJWF CBDUFSJVN XIJDI JT BO PQQPSUVOJTUJD IVNBO QBUIPHFO 5IF TUSBJO 1" XBT B
IVNBO JTPMBUF  UIBU XBT TVCTFRVFOUMZ GPVOE UP VTF BO PWFSMBQQJOH TFU PG WJSVMFODF GBDUPST EVSJOH
QBUIPHFOFTJT PG QMBOUT NJDF BOE $ FMFHBOT 
" LJMMJOH BTTBZ QSPUPDPM JT SFMBUJWFMZ TUSBJHIUGPSXBSE BOE DPOTJTUT PG JODVCBUJOH UIF 1" JO MJRVJE
DVMUVSF PWFSOJHIU JO SJDI NFEJB TQPUUJOH JU PO MPXPTNPUJD NFEJB BOE JODVCBUJOH GVSUIFS GPS I
BOE UIFO FYQPTJOH UIVTMZ QSFQBSFE CBDUFSJB UP B QPQVMBUJPO PG TZODISPOJ[FE $ FMFHBOT ZPVOH BEVMUT
PS - MBSWBF #FDBVTF 1" BSF UIF POMZ TPVSDF PG GPPE PO UIF QMBUF UIF OFNBUPEFT BSF GPSDFE GFFE PO
UIFN 8JUIJO UIF ୮ୢSTU I ୮ୢSTU OFNBUPEFT EJF BOE UIF NBKPSJUZ PG UIFN QFSJTI XJUIJO UIF ୮ୢSTU I
#Z QMPUUJOH B TVSWJWBM DVSWF 	B DVNVMBUJWF DPVOU PG EFBE XPSNT PWFS UJNF
 POF DPVME EJTUJOHVJTI
CFUXFFO NPSF PS MFTT MFUIBM TUSBJOT BOE NVUBUJPOT PG 1" UIVT JEFOUJGZJOH UIF WJSVMFODF GBDUPST
PG UIF CBDUFSJVN 0OF DPVME BMTP TDSFFO UISPVHI SBOEPNMZ NVUBHFOJ[FE $ FMFHBOT UP JEFOUJGZ HFOFT
UIBU JODSFBTF UIF TVTDFQUJCJMJUZ PG UIF XPSN UP UIF QBUIPHFO XIJDI XPVME SFWFBM QBUIXBZT JNQPSUBOU
JO NPVOUJOH BO JNNVOF SFTQPOTF 

0OF TVDI TDSFFO SFWFBMFE B QSFTFODF PG Q NJUPHFOBDUJWBUFE QSPUFJO LJOBTF 	."1,
 QBUIXBZ 
5IJT BODJFOU JNNVOF QBUIXBZ FYJTUT JO BMM BOJNBMT BOE QMBOUT BOE JO $ FMFHBOT BDUT UISPVHI B
DBTDBEF PG LJOBTFT 4&, /4: BOE 1., UIBU BDUJWBUF UIF JNNVOF SFTQPOTF JO UIF JOUFTUJOF 
BOE FQJEFSNJT  6QTUSFBN PG UIJT QBUIXBZ JT BOPUIFS QSPUFJO XJUI IJHIMZ DPOTFSWFE SFTJTUBODF EP
NBJO UJS  " NVUBUJPO JO BOZ PG UIPTF HFOFT SFTVMUT JO IJHIMZ JODSFBTFE NPSUBMJUZ PG $ FMFHBOT
PO 1"
"OPUIFS IJHIMZ DPOTFSWFE TZTUFN UIBU IBT B QSPGPVOE JO୯୳VFODF PO $ FMFHBOT SFTJTUBODF UP B
QBUIPHFO JOWPMWFT JOTVMJO TJHOBMJOH EBG JOTVMJOMJLF SFDFQUPS JOIJCJUT UIF EPXOTUSFBN USBO
TDSJQUJPO GBDUPS %"' CZ QIPTQIPSZMBUJPO UISPVHI B LJOBTF DBTDBEF BOE SFHVMBUFT NFUBCPMJTN
SFQSPEVDUJPO EFWFMPQNFOU MJGFTQBO BOE SFTJTUBODF UP B WBSJFUZ PG FOWJSPONFOUBM TUSFTTFT  *U UVSOT
PVU UIBU %"' BOE %"' BMTP SFHVMBUF JNNVOJUZ JOEFQFOEFOUMZ PG UIF PUIFS GVODUJPOT BOE JO
QBSBMMFM UP Q ."1, QBUIXBZ
/FYU B USBOTGPSNJOH HSPXUI GBDUPSȿSFMBUFE HFOF ECM CFMPOHT UP B MBSHF SFHVMBUPSZ DBTDBEF
XIJDI KVTU MJLF EBGEBG SFHVMBUFT OVNFSPVT QSPDFTTFT 	NBJOMZ EVSJOH EFWFMPQNFOU
 BT XFMM BT
JNNVOF SFTQPOTF BHBJOTU CBDUFSJBM  BOE GVOHBM  QBUIPHFOT
" C;*1 USBOTDSJQUJPO GBDUPS [JQ SFHVMBUFT B NPSF TQFDJBMJ[FE JNNVOJUZ QBUIXBZ " EFUBJMFE
JOWFTUJHBUJPO PG $ FMFHBOT SFTQPOTF UP POF PG UIF WJSVMFODF GBDUPST PG 1"  &YPUPYJO " 	XIJDI JO
BDUJWBUFT USBOTMBUJPO JO OFNBUPEFؠT DFMMT
 IBT TIPXO UIBU [JQ BDUJWBUFT B XJEF SBOHF PG BOUJCBDUFSJBM
SFTQPOTF 
" NPSF SFDFOU EJSFDUJPO JO JNNVOJUZ SFTFBSDI JO $ FMFHBOT JT UIF PCTFSWBUJPO PG B TUSPOH DPO
୯୳VFODF PG JOOBUF JNNVOJUZ BOE OFVSBM TZTUFN 4PNF PG UIF BCPWF QBUIXBZT IBWF B QBSBMMFM
GVODUJPO JO EJ୭GFSFOU UJTTVFT 5IF Q ."1, QBUIXBZ GVODUJPOT JO UIF JOUFTUJOF XIFSF JU MFBET
UP BDUJWBUJPO PG 1., BOE B SFMFBTF PG BO BSSBZ PG BOUJNJDSPCJBM GBDUPST XIFSFBT UIF TBNF DBTDBEF
GVODUJPOT JO UIF "%' TFOTPSZ OFVSPO UP USJHHFS UIF BWFSTJWF MFBSOJOH CFIBWJPS  "OPUIFS QBUIXBZ
MJLF UIBU JOWPMWFT B GTIS(1$3 UIBU JT FYQSFTTFE CPUI JO UIF JOUFTUJOF BOE OFVSPOT BOE JT TUSPOHMZ

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Figure 4.14: Collective avoidance for various immunity mutants. The triangle (circle) shows the area under amultiple-
worm (solitary) avoidance curve, the red bar is the difference between them and the error is the sum of standard
deviations in both conditions betweenmultiple repeats.
JO୯୳VFODJOH $ FMFHBOT TVTDFQUJCJMJUZ UP 1" CVU JUؠT F୭GFDU PO CFIBWJPS SFNBJOT VOLOPXO  0UIFS
QBUIXBZT IBWF CFFO GPVOE UP CF EJSFDUMZ BDUJOH UISPVHI UIF OFVSBM TZTUFN 5IF EBG SFDFQUPS PO
3*" JOUFSOFVSPO JT BDUJWBUFE CZ JOTVMJOMJLF MJHBOET QSPEVDFE JO "4+ BOE "4* OFVSPOT  UIBU MFBET
UP BDUJWBUJPO PG CFIBWJPSBM BOE JNNVOF SFTQPOTFT *O UVSO UIF ECM JNNVOJUZ JO FQJEFSNJT JT SFH
VMBUFE CZ OFVSPOT BT ECM OFVSPQFQUJFE JT QSPEVDFE BOE SFMFBTFE CZ DFSUBJO OFVSPOBM DFMMT  BOE JT
BMTP SFRVJSFE JO BWFSTJWF MFBSOJOH  'JOBMMZ SFDFOU FWJEFODF TVHHFTUT UIBU $ FMFHBOT VTFT TFSPUPOJO
UP EPXOSFHVMBUF JUT JNNVOF SFTQPOTF UP. OFNBUPQIJMVN BOE B QVUBUJWF PDUPQBNJOF (1$3
PDUS UP FOIBODF Q ."1, SFTQPOTF UP 1" 

 *গগঊঝ঎ ঒খখঞগ঒ঝঢ ঊগ঍ ঌঘকক঎ঌঝ঒ট঎ ঊটঘ঒঍ঊগঌ঎
5P BOTXFS XIFUIFS JOOBUF JNNVOF TZTUFN IBT BOZ F୭GFDU PO DPMMFDUJWF BWPJEBODF XF UFTUFE TFWFSBM
NVUBOUT UIBU XFSF EF୮ୢDJFOU JO GPVS EJ୭GFSFOU JNNVOF TJHOBMJOH QBUIXBZT GTIS ECM BOE [JQ
BSF QBSUT PG UISFF JOEFQFOEFOU QBUIXBZT UIBU MFBE UP BO VQSFHVMBUJPO PG BOUJCBDUFSJBM GBDUPST VQPO
JOGFDUJPO  "MM UISFF NVUBOUT TIPX B TJNJMBS MFWFM PG DPMMFDUJWF BWPJEBODF BT UIF XJME UZQF 	'JH

 TVHHFTUJOH UIBU UIFSF JT OP JOUFSBDUJPO CFUXFFO UIFTF UXP F୭GFDUT
UJS DPOUBJOT B IJHIMZ DPOTFSWFE SFTJTUBODF EPNBJO BOE BDUJWBUFT B GPVSUI BOE QSPCBCMZ UIF NPTU
TUVEJFE JNNVOJUZ QBUIXBZ  Q ."1,  *U IBT EJ୭GFSFOU SPMFT JO WBSJPVT UJTTVFT *O UIF "%'
OFVSPO JU BDUT UISPVHI BUG USBOTDSJQUJPO GBDUPS UP VQSFHVMBUF UIF FYQSFTTJPO PG TFSPUPOJO BOE ESJWF
BWFSTJWF MFBSOJOH  *O UIF JOUFTUJOF BOE FQJEFSNJT JU TJHOBMT UISPVHI BUG BOE QNL LJOBTF UP BD
UJWBUF UIF JNNVOF SFTQPOTF  8IFO BMM UISFF NVUBOUT BSF FYQPTFE UP 1" UIFZ TUJMM SFTQPOE
EJ୭GFSFOUMZ EFQFOEJOH PO UIF QPQVMBUJPO EFOTJUZ CVU JO B XBZ EJTUJODU GSPN UIF XJME UZQF MFBEJOH
VT UP B DPODMVTJPO UIBU UIF QVUBUJWF DPSFHVMBUJPO PG DPMMFDUJWF BWPJEBODF BOE UIF JNNVOF TZTUFN JT
NPSF TVCUMF
'JOBMMZ XF BMTP UFTUFE B UPMNVUBOU XIJDI JT QBSUJBMMZ EF୮ୢDJFOU JO UIF POMZ 5PMMMJLF SFDFQUPS HFOF
JO $ FMFHBOT  5IJT DMBTT PG SFDFQUPST QMBZT B NBKPS SPMF JO JNNVOJUZ PG%SPTPQIJMB BOE JO $ FMF
HBOT IBT CFFO JEFOUJ୮ୢFE UP CF SFRVJSFE JO BWPJEJOH B QSPEVDU PG QBUIPHFOJD 4FSSBUJB CBDUFSJVN 
)PXFWFS JO DBTF PG 1" BWPJEBODF UPM JT VOOFDFTTBSZ 	'JH 

 $ঘগঌকঞজ঒ঘগজ
8F TIPXFE UIBU PESNVUBOU BOJNBMT BSF EF୮ୢDJFOU JO DPMMFDUJWF QBUIPHFO BWPJEBODF CFDBVTF UIFZ
BSF JODBQBCMF PG EFUFDUJOH UIF BMBSN TJHOBM TVHHFTUJOH UIBU "8" TFOTPSZ OFVSPO JT VTFE CZ UIF OF
NBUPEFT UP EFUFDU UIF QIFSPNPOF 'VSUIFSNPSF BDPY BOJNBMT XFSF BMTP VOBCMF UP BWPJE CBDUFSJB
GBTUFS JO MBSHFS HSPVQT CVU JO UIJT DBTF JU XBT EVF UP CFJOH VOBCMF UP QSPEVDF UIF TJHOBM #FDBVTF BDPY

 JT JOWPMWFE JO BTDBSPTJEF CJPTZOUIFTJT UIJT TVQQPSUT UIF IZQPUIFTJT UIBU UIF BMBSN TJHOBM JT JO GBDU B
QIFSPNPOF EFQPTJUFE JOUP UIF MBXO BOE EFUFDUFE EJSFDUMZ CZ UIF "8" OFVSPO "MUFSOBUJWFMZ 1"
EFUFDU UIF QSPEVDU PG BDPY EFQFOEFOU CJPTZOUIFTJT BOE JO UVSO B୭GFDU UIF CFIBWJPS PG UIF XPSNT
UISPVHI "8" OFVSPO
'VSUIFSNPSF XF UFTUFE BWPJEBODF JO NVUBOU BOJNBMT VOBCMF UP QSPEVDF GPVS CJPBNJOFT BOE UIFJS
SFDFQUPST UIBU BSF VTFE JO $ FMFHBOT UP SFHVMBUF WBSJPVT CFIBWJPST "MUIPVHI PWFSBMM BWPJEBODF XBT
B୭GFDUFE JO NPTU NVUBOUT OP LOPDLPVU XBT BCMF UP DPNQMFUFMZ FMJNJOBUF UIF DPMMFDUJWF BWPJEBODF
TVHHFTUJOH UIBU UIF SFHVMBUJPO PDDVST UISPVHI NVMUJQMF QBUIXBZT UIBU DPVME SFHVMBUF EJ୭GFSFOU BT
QFDUT PG UIF BWPJEBODF CFIBWJPS 	FH BUUSBDUJPO UP GPPE PS SFQVMTJPO GSPN UIF QIFSPNPOF

'JOBMMZ XF UFTUFE B OVNCFS PG JOOBUF JNNVOF NVUBOUT UP TFF XIFUIFS XPSNT UIBU BSF NPSF TVT
DFQUJCMF UP JOGFDUJPO IBWF B NPEJ୮ୢFE QBUIPHFO BWPJEBODF SFTQPOTF &BDI NVUBOU XBT DBQBCMF PG
DPMMFDUJWF BWPJEBODF 	FWFO UIPVHI PWFSBMM BWPJEBODF XBT B୭GFDUFE JO TPNF NVUBOUT
 TVHHFTUJOH UIBU
JNNVOF TZTUFN NBZ CF SFHVMBUFE JOEFQFOEFOUMZ
 .঎ঝ঑ঘ঍জ
 4ঝছঊ঒গজ ঊগ঍ খ঎঍঒ঊ
5IF GPMMPXJOH OFNBUPEF TUSBJOT XFSF VTFE JO UIJT TUVEZ / 	SFGFSSFE UP BT ؠXJME UZQFؠ JO UIJT BOE
TVCTFRVFOU DIBQUFST
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 "MM TUSBJOT XFSF PCUBJOFE GSPN UIF $BFOPSIBCEJUॷ(FOFUJDT $FO
UFS VOMFTT PUIFSXJTF TUBUFE
8PSNT XFSF NBJOUBJOFE BU $ 	BQBSU GSPN BDPYXIJDI XBT LFQU BU $
 VTJOH UIF TBNF QSPUPDPM
EFTDSJCFE JO DIBQUFS  4BNF QSPDFEVSF BT EFTDSJCFE JO UIF QSFWJPVT DIBQUFS XBT VTFE UP QSFQBSF
NFEJB
 8ঘছখ ঙছ঎ঙঊছঊঝ঒ঘগ
"MM XPSN TUSBJOT XFSF TZODISPOJ[FE CZ IZQPDIMPSJUF USFBUNFOU BOE ୮ୢSTU MBSWBM TUBHF 	-
 BSSFTU GPS
I  "SSFTUFE -T XFSF USBOTGFSSFE POUP TUBOEBSE DN /(. QMBUFT 	TVQQMFNFOUFE XJUI 
ɉHNM TUSFQUPNZDJO
 TFFEFE XJUI 01 *O PSEFS GPS BMM TUSBJOT UP SFBDI BEVMUIPPENBPD EIT
BOE EBGXPSNT XFSF BMMPXFE UP EFWFMPQ GPS I I BOE I SFTQFDUJWFMZ BU $ BDPY GPS I BU
$ BOE UIF SFNBJOJOH TUSBJOT GPS I BU $
 "টঘ঒঍ঊগঌ঎ ঊগ঍ ঌঘগ঍঒ঝ঒ঘগ঒গঐ ঊজজঊঢজ
"WPJEBODF BOE DPOEJUJPOJOH BTTBZT XFSF QFSGPSNFE JO FYBDUMZ UIF TBNF XBZ BT EFTDSJCFE JO DIBQ
UFS  XJUI UIF FYDFQUJPO UIBU 4, NFEJVN XBT TVQQMFNFOUFE XJUI  ɉHNM ୯୳VPSPEFPYZVSJEJOF
	'6E3
 UP QSFWFOU MBSWBM EFWFMPQNFOU *O UIF ୮ୢSTU TUBHF PG DPOEJUJPOJOH FYQFSJNFOUT  PES
BDPY PS / XPSNT XFSF LFQU PO UIF MBXO GPS I VTJOH B NFUBM SJOH

5
&WPMVUJPOBSZ DPOTFSWBUJPO PG DPMMFDUJWF
BWPJEBODF
" QSPHFOJUPS PG $ FMFHBOT/ TUSBJO 	XIPTF EFTDFOEBOUT XF VTFE UISPVHIPVU UIJT TUVEZ
 XBT DPM
MFDUFE JO #SJTUPM 6, JO UIF FBSMZ T  BOE XBT NBJOUBJOFE JO MBCPSBUPSZ DPOEJUJPOT VOUJM UIF
FBSMZ T XIFO JU XBT TVDDFTTGVMMZ GSP[FO  5ISPVHIPVU UIBU UJNF B TFMFDUJPO QSFTTVSF JOUSPEVDFE
B XIPMF SBOHF PG HFOFUJD NPE୮ୢDBUJPOT  JOUP UIF PSHBOJTN BOE TPNF 4/1T IBWF CFFO TIPXO UP

DIBOHF UIF CFIBWJPS PG UIF OFNBUPEF  BOE JO QBSUJDVMBS QBUIPHFO BWPJEBODF 
$PMMFDUJWF BWPJEBODF JT BO BEBQUBUJPO UIBU DPVME QPUFOUJBMMZ CSJOH TVCTUBOUJBM TVSWJWBM CFOF୮ୢUT UP
$ FMFHBOT JO UIF XJME 'VSUIFSNPSF JU XBT SFDFOUMZ TIPXO UIBU XJME UZQF JTPMBUFT PG PUIFS OFNBUPEF
TQFDJFT QSPEVDF TJNJMBS DPDLUBJM PG BTDBSPTJEFT BT / 5IFSFGPSF JU JT OBUVSBM UP BTL XIFUIFS UIFTF
XJME CBDUFSJWPSF TQFDJFT BMTP FYIJCJU DPMMFDUJWF QBUIPHFO BWPJEBODF PS JT JU KVTU BO BSUJGBDU PG $ FMFHBOT
EPNFTUJDBUJPO 
'VSUIFSNPSF UIF GBDU UIBU UIFTF EJ୭GFSFOU OFNBUPEF TQFDJFT PG୴FO DBO CF GPVOE PDDVQZJOH UIF
TBNF IBCJUBUT BOE SFTQPOE UP TJNJMBS QIFSPNPOFT  SJTFT BOPUIFS JOUFSFTUJOH RVFTUJPO  JT UIFSF
BOZ JOUFSTQFDJFT DPNNVOJDBUJPO PDDVSSJOH JO UIF TIBSFE OJDIFT .PSF TQFDJ୮ୢDBMMZ BSF PUIFS OFNB
UPEF TQFDJFT BCMF UP EFUFDU BOE SFBDU UP $ FMFHBOT BMBSN QIFSPNPOF BOE WJDF WFSTB 5IJT XPVME PQFO
VQ B QPTTJCJMJUZ PG PUIFS TQFDJFT TOPPQJOH PO XBSOJOH TJHOBMT GSPN UIFJS DPNQFUJUPST PS FWFO USJDLJOH
UIFN JOUP NBLJOH EFDJTJPOT VOGBWPSBCMF GPS UIFJS TVSWJWBM VTJOH B DPNNPO MBOHVBHF PG BTDBSPTJEFT
5IJT XPVME BMMPX GPS UIF DPOTUSVDUJPO PG B OPOUSJWJBM JOUFSTQFDJFT DPNQFUJUJPO NPEFM
 #ঊঌঔঐছঘঞগ঍
/FNBUPEB JT POF PG UIF NPTU EJWFSTF QIZMVNT PG UIF BOJNBM LJOHEPN *U JT FTUJNBUFE UIBU VQ UP B
NJMMJPO TQFDJFT PG OFNBUPEFT FYJTU  FWFO UIPVHI POMZ B GFX UFOT PG UIPVTBOET IBWF CFFO DMBTTJ୮ୢFE
TP GBS 5IFZ PDDVQZ B XJEF TQFDUSVN PG IBCJUBUT XJUI WBSJFE OBUVSBM IJTUPSJFT SBOHJOH GSPN EFFQ
PDFBOT UP BSJE EFTFSUT BOE GSPN JOUFSTUJUJBM CBDUFSJWPSFT UP PCMJHBUF QBSBTJUFT XJUI NVMUJQMF JOUFSNFEJ
BUF IPTUT 
8JUIJO UIF/FNBUPEB BO PSEFS 3IBCEJUJEB FWPMWFE TFWFSBM NBKPS BEWBODFT UIBU TFU JU BQBSU GSPN
UIF SFTU PG UIF OFNBUPEFT BOE BMMPXFE JU UP EPNJOBUF NBOZ OFX IBCJUBUT  " LFZ BEBQUBUJPO XJUIJO
UIJT HSPVQ XBT UIF EFWFMPQNFOU PG B DIFNJDBMMZ JNQFSNFBCMF DVUJDMF XIJDI DPOUSJCVUFE UP UIFJS
TVDDFTT BT QBSBTJUFT DPMPOJ[FST BOE FYUSFNPQIJMFT "OPUIFS XBT UIF EFWFMPQNFOU PG BO F୭୮ୢDJFOU

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Figure 5.1: Phylogenetic tree of the family3IBCEJUॷ 120 and the genus Caenorhabditis 124. Only selected clades (red)
and species (black) are indicated. Species that were tested in this work are indicated with an asterix.
GFFEJOH QVNQ  QIBSZOY  *U JT IZQPUIFTJ[FE UIBU BMPOH XJUI UIF SFEVDUJPO JO TJ[F PG UIF BOJNBM
BOE TIPSUFOJOH PG PWFSBMM HFOFSBUJPO UJNF UIJT PSHBO BMMPXFE GPS B GBTU EJTQFSTJPO PG UIFTF GSFF MJWJOH
SBQJEMZ SFQSPEVDJOH CBDUFSJWPSFT 
*O UIF PSEFS 3IBCEJUJEB UIF TVCPSEFS 3IBCEJUJOB IBT EFWFMPQFE B NPEJ୮ୢFE KVWFOJMF TUBHF TQFDJG
JDBMMZ BEBQUFE UP MPOHUFSN TVSWJWBM 	JO $BFOPSIBCEJUॷ DBMMFE EBVFS 
 5IFTF OPOGFFEJOH IJHIMZ
NPEJ୮ୢFE BOE IJHIMZ EJTQFSTJWF MBSWBF BSF PG୴FO DBQBCMF PG QIPSFUJDBMMZ NPWJOH CFUXFFO EJTUBOU FO
WJSPONFOUBM OJDIFT  PO MBSHFS BOJNBMT BOE BMTP GPVOE NBOZ XBZT PG JOWBEJOH JOUFSOBM PSHBOT PG
PUIFS PSHBOJTNT #FDBVTF UIJT TVCPSEFS DPOUBJOT $ FMFHBOT BOE BU UIF TBNF UJNF EPFT OPU MBDL JO
EJWFSTJUZ JU IBT CFDPNF B NPEFM GPS DPNQBSBUJWF HFOFUJDT 
5IF EFUBJMFE IJFSBSDIZ XBT PSJHJOBMMZ CBTFE PO NPSQIPMPHZ BOE MJGFTUZMF BOE XJUI UIF JOUSPEVD
UJPO PG NPMFDVMBS QIZMPHFOFUJD UFDIOJRVFT 	CBTFE PO TFRVFODJOH PG TNBMM TVCVOJU PG S3/"  BOE

UIFO PUIFS QBSUT PG S3/" BOE TFWFSBM IJHIMZ GVODUJPOBM QSPUFJOT 
 NBOZ UBYB IBWF CFFO SFDMBT
TJ୮ୢFE $VSSFOUMZ BT XF VOEFSTUBOE JU  3IBCEJUJEB DPOUBJO OPU POMZ UIF GSFF MJWJOH
$BFOPSIBCEJUॷ CVU BMTP 4USPOॻMJEB UIBU IBSCPS B OVNCFS PG IJHIMZ JOGFDUJWF IVNBO QBUIPHFOT
FH IPPLXPSN  BOE UISFBEXPSN )FUFSPSIBCEJUॷ UIBU BSF QSPMJ୮ୢD BSUISPQPE QBSBTJUFT 
BOE BMTP B NPSQIPMPHJDBMMZ EJTUJODU EJQMPHBTUFSJET UIBU JODMVEFT 1SJTUJPODIॸ QBDJ׹Dॸ  B DBSOJWP
SPVT OFNBUPEF XJUI B TVCTUBOUJBMMZ NPEJ୮ୢFE QIBSZOY BSNFE XJUI UFFUI UIBU JT BCMF UP GFFE PO PUIFS
OFNBUPEFT
5IJT EJWFSTJUZ PG 3IBCEJUJEB JT FWFO NPSF TUSJLJOH PO UIF HFOFUJD MFWFM 7BSJPVT TUVEJFT IBWF
TIPXO  UIBU $BFOPSIBCEJUॷ UIFNTFMWFT BSF BT WBSJFE BT IVNBOT BOE ୮ୢTI BU UIF HFOFUJD MFWFM .PSF
CSPBEMZ 	'JH 
 $ FMFHBOT JT HFOFUJDBMMZ BT DMPTF UP WBSJPVT NFNCFST PG0TDIFJॸ HFOVT PS 3IBC
EJUFMMB BYFJ BT IVNBOT 	)PNP TBQJFOT
 BSF UP TFB VSDIJOT 	4USPOॻMPDFOUSPUॸ QVSQVSBUॸ

4VDI B CSPBE SBOHF PG HFOFUJD WBSJBUJPO FODPVSBHFE XPSL PO DMPTFMZ BOE NPSF EJTUBOUMZ SFMBUFE
OFNBUPEFT GPS UIF QVSQPTFT PG DPNQBSBUJWF TUVEJFT $BFOPSIBCEJUॷ CSJॼTBF  1SJTUJPODIॸ QBDJ
׹Dॸ  BOE0TDIFJॸ UJQVMBF BSF FYBNQMFT PG TBUFMMJUF NPEFMT UP $ FMFHBOT UIBU BSF BMTP
FBTJMZ DVMUJWBUFE JO TJNJMBS DPOEJUJPOT 5IJT CFDBNF B TUBSUJOH QPJOU GPS SFTFBSDI PO QBSBTJUJD OFNB
UPEFT XJUIJO 3IBCEJUJEB  BOE CFZPOE 
"O FYDFMMFOU FYBNQMF PG B DPNQBSBUJWF TUVEZ UIBU VTFT UIF QPXFS PG UIFTF HFOFUJDBMMZ EJWFSTF CVU
FDPMPHJDBMMZ TJNJMBS CJPMPHJDBM NPEFMT JT SFTFBSDI JOUP QSPEVDUJPO PG BTDBSPTJEFT BOE UIFJS GVODUJPO
CFUXFFO EJ୭GFSFOU TQFDJFT PG 3IBCEJUJEB *U UVSOT PVU UIBU EJ୭GFSFOU SFQSFTFOUBUJWFT PG UIJT PSEFS
QSPEVDF B EJWFSTF CVU PWFSMBQQJOH TFU PG BTDBSPTJEFT .PSFPWFS TPNF PG UIF CMFOET PG EJ୭GFSFOU BT
DBSPTJEFT IBWF B TJNJMBS F୭GFDU PO EJ୭GFSFOU TQFDJFT PG BOJNBMT  SBJTJOH IPQF GPS GVUVSF EFWFMPQNFOU
PG QIFSPNPOFCBTFE BOUJIFMNJOUIJD UIFSBQJFT

Figure 5.2: Comparison of genetic divergencies in nematodes (red) and deuterostomes (green) based on phylograms of
SSU rRNA120.
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Figure 5.3: Collective avoidance for various3IBCEJUJEB species. The triangle (circle) shows the area under amultiple-
worm (solitary) avoidance curve, the red bar is the difference between them and the error is the sum of standard
deviations in both conditions betweenmultiple repeats.

 $ঘগজ঎ছটঊঝ঒ঘগ ঘএ ঌঘকক঎ঌঝ঒ট঎ ঊটঘ঒঍ঊগঌ঎ ঒গ গ঎খঊঝঘ঍঎জ
5P UFTU XIFUIFS DPMMFDUJWF BWPJEBODF JT QSFTFOU JO PUIFS OFNBUPEFT XF QJDLFE  PUIFS TQFDJFT PG
3IBCEJUJEBXIPTF HFOFSBUJPO UJNF XBT TIPSU UIFZ DPVME HSPX RVJDLMZ PO TUBOEBSE /(. QMBUFT
XJUI 01 GPPE UIF EJ୭GFSFOU MJGF TUBHFT XFSF FBTJMZ EJTDFSOJCMF UIFZ XFSF MBSHF FOPVHI UP CF JN
BHFE JO PVS TFUVQ BOE BU UIF TBNF UJNF SFQSPEVDFE UIF HFOFUJD EJWFSTJUZ PG UIJT PSEFS PG BOJNBMT
5IF TQFDJFT XF DIPTF BSF NBSLFE XJUI BO BTUFSJTL JO 'JH  'SPN &MFHBOT HSPVQ PG $BFOPSIBCEJUॷ
XF DIPTF $ CSJॼTBF $ OJHPOJ BOE $ SFNBOFJ GSPN +BQPOJDB HSPVQ XF QJDLFE $ OPVSBHVFOTॷ BOE
GSPN%SPTPQIJMBF TVQFSHSPVQ XF TFMFDUFE $ WJSJMॷ "QBSU GSPN $BFOPSIBCEJUॷXF BMTP VTFE UISFF
TQFDJFT GSPN PUIFS GBNJMJFT 0 UJQVMBF 1 QBDJ׹Dॸ BOE 3 BYFJ 5IFTF BSF BMM GSFF MJWJOH XPSNT UIBU
GFFE PO CBDUFSJB POMZ 	FYDFQU 1 QBDJ׹DॸXIJDI IBT UFFUI BOE DBO BMTP GFFE PO MBSWBF PG WBSJPVT OFNB
UPEFT
 $ CSJॼTBF0 UJQVMBF BOE 1 QBDJ׹Dॸ BSF QSJNBSJMZ IFSNBQISPEJUJD 	MJLF $ FMFHBOT 
 XIFSFBT
UIF SFTU BSF HPOPDIPSJTUJD
5P TZODISPOJ[F FBDI QPQVMBUJPO CFGPSF BO BWPJEBODF FYQFSJNFOU XF QJDLFE  BEVMU JOEJWJE
VBMT 	BQQSPYJNBUFMZ FRVBM OVNCFS PG NBMF BOE GFNBMF GPS HPOPDIPSJTUJD TQFDJFT
 UP BO /(. QMBUF
TFFEFE XJUI 01 GPS I "G୴FS UIF FHHT XFSF MBJE XF SFNPWFE UIF BEVMUT BOE BMMPXFE UIF FHHT UP
EFWFMPQ GPS I XIFO FBDI TQFDJF SFBDIFE BEVMUIPPE 5IFO XF QJDLFE  PS  BEVMU HSBWJE GFNBMFT
	PS IFSNBQISPEJUFT
 UP TUBOEBSE 4, QMBUFT XJUI 1" 	TVQQMFNFOUFE XJUI '6E3
 VTJOH UIF QSPUP
DPM GSPN $IBQUFS  8F SFDPSEFE BWPJEBODF GPS I NJO BOE UIF SFTVMUT BSF TIPXO JO 'JH 
)BMG PG UIF UFTUFE TQFDJFT FYIJCJU BDDFMFSBUFE BWPJEBODF BU IJHIFS QPQVMBUJPO EFOTJUJFT BOE UIF
QIFOPUZQF EPFT OPU IBWF B DPOTJTUFOU FWPMVUJPOBSZ QBUUFSO BT POMZ UXP PG UIFN BSF XJUIJO $BFOPSIBC
EJUॷ 	$ SFNBOFJ BOE $ WJSJMॷ
 BOE UIF PUIFS UXP BSF EJTUBOU SFMBUJWFT PG $ FMFHBOT BOE OPU DMPTFMZ
SFMBUFE UP FBDI PUIFS 	1 QBDJ׹Dॸ BOE 3 BYFJ
 5IF SFNBJOJOH TQFDJFT TIPX OP TJHOJ୮ୢDBOU EFQFO
EFODF PO UIF EFOTJUZ XJUI $ OPVSBHVFOTॷ CBSFMZ BWPJEJOH BU BMM XJUIJO UIF UJNF PG UIF FYQFSJNFOU
BOE UIF SFNBJOJOH UISFF TQFDJFT SBUIFS RVJDLMZ FWBDVBUJOH UIF CBDUFSJBM MBXO

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Figure 5.4: $ FMFHBOT PES→3IBCEJUJEB conditioning experiment. The triangle (circle) shows the area under an
avoidance curve of 16 nematodes of a given species exposed to amock-conditioned (conditionedwith$ FMFHBOT PES
worms) lawn, the red bar is the difference between them and the error is the sum of standard deviations in both
conditions betweenmultiple repeats.
 $঑঎খ঒ঌঊক ঌঘখখঞগ঒ঌঊঝ঒ঘগ ঋ঎ঝঠ঎঎গ জঙ঎ঌ঒঎জ ঘএ গ঎খঊঝঘ঍঎জ
5P UFTU XIFUIFS UIF BMBSN TJHOBM MFG୴ CZ $ FMFHBOT DBO CF BDUFE VQPO CZ UIF OFNBUPEFT PG BOPUIFS
TQFDJF XF QFSGPSNFE B NPEJ୮ୢFE WFSTJPO PG QSFWJPVTMZ EFTDSJCFE DPOEJUJPOJOH FYQFSJNFOUT 'JSTU XF
FYQPTFE 1" CBDUFSJB PO 4, QMBUFT UP $ FMFHBOT PESXPSNT GPS I 5IFTF XPSNT BSF DBQBCMF PG
EFQPTJUJOH UIF BMBSN TJHOBM 	'JH 
 CVU BG୴FS I XJMM TUJMM SFNBJO JO UIF MBXO 	'JH 
 XIJDI BM
MPXFE VT OPU UP VTF UIF NFUBM SJOH "G୴FS DPOEJUJPOJOH UIF PESXPSNT XFSF SFNPWFE BOE  OFNB
UPEFT PG BOPUIFS TQFDJF XFSF QMBDFE JO UIF NJEEMF PG UIF MBXO XIJDI XFSF UIFO JNBHFE GPS BWPJEBODF
*O QBSBMMFM BOPUIFS TFU PG 4, QMBUFT XBT QSFQBSFE JO FYBDUMZ UIF TBNF XBZ FYDFQU OP XPSNT XFSF
QMBDFE JO UIF DPOEJUJPOJOH TUFQ  UIF MBXO XBT TJNQMZ BMMPXFE UP BHF GPS I 	NPDLDPOEJUJPOJOH


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Figure 5.5: $ FMFHBOT PES→3IBCEJUJEB conditioning experiment result (vertical axis, the same as in Fig. 5.4) as
a function of pairwise divergence computed using ClustalW130 multiple alignment of RNA polymerase II mRNA se-
quences.
5IF SFTVMUT BSF QSFTFOUFE JO 'JH  BOE TIPX UIF EJ୭GFSFODF CFUXFFO NPDLDPOEJUJPOJOH BOE
DPOEJUJPOFE MBXOT 5IJT EJ୭GFSFODF JT QPTJUJWF JG UIF TJHOBM MFG୴ CZ UIF PESXPSNT BDDFMFSBUFT BWPJE
BODF PG OBJWF OFNBUPEFT 	BT JT UIF DBTF PG $ FMFHBOT 
 BOE OFHBUJWF JG UIF $ FMFHBOT BMBSN QIFSPNPOF
BDUVBMMZ EFMBZT UIF BWPJEBODF
0OMZ UXP TQFDJFT 	$ SFNBOFJ BOE 3 BYFJ
 IFFE $ FMFHBOTXBSOJOH BOE MFBWF UIF DPOEJUJPOFE
MBXO GBTUFS UIBO KVTU UIF BHFE POF 5ISFF PUIFS POFT 	$ CSJॼTBF0 UJQVMBF BOE 1 QBDJ׹Dॸ
 BSF JO
EJ୭GFSFOU UP UIF BMBSN QIFSPNPOF 5IF SFNBJOJOH UISFF 	$ OJHPOJ $ OPVSBHVFOTॷ BOE $ WJSJMॷ
 EP
UIF PQQPTJUF UP $ FMFHBOT BOE TUBZ MPOHFS PO UIF DPOEJUJPOFE MBXO DPNQBSFE UP UIF BHFE POF 5IJT
TVHHFTUT UIBU UIF $ FMFHBOT BMBSN QIFSPNPOF IBT B WBSJFE F୭GFDU PO EJ୭GFSFOU 3IBCEJUJEB TQFDJFT BOE
UIJT F୭GFDU EPFT OPU IBWF B DMFBS FWPMVUJPOBSZ QBUUFSO 5IF MBDL PG DPOTFSWBUJPO JT BMTP FYFNQMJ୮ୢFE
JO 'JH  XIJDI TIPXT UIF SFMBUJPO CFUXFFO BWPJEBODF PG $ FMFHBOT BMBSN TJHOBM BT B GVODUJPO PG

FWPMVUJPOBSZ EJWFSHFODF CFUXFFO 3/" QPMZNFSBTF ** N3/" TFRVFODFT
5P UFTU XIFUIFS $ FMFHBOT BSF BCMF UP SFBDU UP UIF TJHOBM MFG୴ CZ PUIFS TQFDJFT XF DPOEJUJPOFE UIF
1" CBDUFSJB XJUI  XPSNT PG B HJWFO TQFDJF GPS  IPVST XJUI B NFUBM SJOH JO QMBDF UP GPSDF UIF
XPSNT UP SFNBJO JO UIF MBXO 5IFO UIF SJOH BOE UIF XPSNT XFSF SFNPWFE BOE SFQMBDFE XJUI  $
FMFHBOT BDPYNVUBOUT XIJDI BSF BCMF UP EFUFDU UIF QIFSPNPOF CVU VOBCMF UP QSPEVDF JU 	MBUFS XF
SFQFBUFE UIF FYQFSJNFOUT XJUI / XPSNT XJUI UIF TBNF F୭GFDU
 6OFYQFDUFEMZ $ FMFHBOT EJE OPU
MFBWF UIF DPOEJUJPOFE 1" XJUIJO UIF  IPVST PG UIF FYQFSJNFOU 5IJT TVHHFTUT UIBU $ FMFHBOT JT
BUUSBDUFE CZ UIF TJHOBMT MFG୴ CZ BMM UIF UFTUFE TQFDJFT
 $ঘগঌকঞজ঒ঘগজ
8F IBWF TVDDFTTGVMMZ TIPXO UIBU DPMMFDUJWF BWPJEBODF JT OPU TQFDJ୮ୢD UP UIF MBCPSBUPSZ CSFE $ FMFHBOT
OFNBUPEF CVU JO GBDU JU PDDVST RVJUF CSPBEMZ BNPOH EJ୭GFSFOU 3IBCEJUJEB TQFDJFT 'VSUIFSNPSF UIF
BMBSN TJHOBM MFG୴ CZ $ FMFHBOT JO UIF CBDUFSJBM MBXO JT EFUFDUFE CZ NPTU PG UIF PUIFS TQFDJFT UFTUFE
CVU TPNF PG UIFN XFSF BUUSBDUFE UP JU SBUIFS UIBO SFQVMTFE 5IJT TVHHFTUT UIBU BMUIPVHI BTDBSPTJEF
DPNNVOJDBUJPO FYJTUT JO PUIFS OFNBUPEF TQFDJFT UIFZ JOUFSQSFU UIF TBNF BMBSN QIFSPNPOF JO EJG
GFSFOUMZ
 .঎ঝ঑ঘ঍জ
 4ঝছঊ঒গজ ঊগ঍ খ঎঍঒ঊ
5IF GPMMPXJOH OFNBUPEF TUSBJOT XFSF VTFE JO UIJT TUVEZ $ FMFHBOT/ $9 	PES	LZ
 9
 7$
	BDPY	PL
 *
 $ CSJॼTBF"' 	B HJG୴ GSPN /FFEMFNBO MBC
 $ OJHPOJ +6 	GPSNFSMZ $ TQ

 $ SFNBOFJ 1# 	B HJG୴ GSPN .BOHP MBC
 $ WJSJMॷ +6 	GPSNFSMZ $ TQ 
 $ OPVSBHVFOTॷ
+6 	GPSNFSMZ $ TQ 
0 UJQVMBF $&8 1QBDJ׹Dॸ 14 3 BYFJ%' "MM TUSBJOT XFSF
PCUBJOFE GSPN UIF $BFOPSIBCEJUॷ(FOFUJDT $FOUFS VOMFTT PUIFSXJTF TUBUFE

8PSNT XFSF NBJOUBJOFE BU $ 	FYDFQU GPS BDPYXIJDI XBT LFQU BU $
 VTJOH UIF TBNF QSPUPDPM
EFTDSJCFE JO $IBQUFS  4BNF QSPDFEVSF BT EFTDSJCFE JO UIF QSFWJPVT DIBQUFS XBT VTFE UP QSFQBSF
NFEJB
 8ঘছখ ঙছ঎ঙঊছঊঝ঒ঘগ
PES BOE BDPYXPSNT XFSF QSFQBSFE VTJOH UIF TBNF QSPDFEVSF BT EFTDSJCFE JO $IBQUFS  5IF
TBNF IZQPDIMPSJUF USFBUNFOU USFBUNFOU GPS PUIFS TQFDJFT QSPWFE UP CF VOSFMJBCMF TP XF SFTPSUFE UP
TZODISPOJ[BUJPO UISPVHI FHHMBZJOH 8F QJDLFE  BEVMU JOEJWJEVBMT 	BQQSPYJNBUFMZ FRVBM OVN
CFS PG NBMF BOE GFNBMF GPS HPOPDIPSJTUJD TQFDJFT
 UP BO /(. QMBUF TFFEFE XJUI 01 GPS I
"G୴FS UIF FHHT XFSF MBJE XF SFNPWFE UIF BEVMUT BOE BMMPXFE UIF FHHT UP EFWFMPQ GPS I BU SPPN
UFNQFSBUVSF XIFO FBDI TQFDJF SFBDIFE BEVMUIPPE 5IFO XF QJDLFE  PS  BEVMU HSBWJE GFNBMFT PS
IFSNBQISPEJUFT 	VTJOH B WVMWBM QMVH BT BO JOEJDBUPS
 UP TUBOEBSE 4, QMBUFT XJUI 1"
 "টঘ঒঍ঊগঌ঎ ঊজজঊঢজ
"WPJEBODF BTTBZT XFSF QFSGPSNFE VTJOH UIF TBNF QSPUPDPM BT JO $IBQUFS  FYDFQU GPS FYQFSJNFOUT
XJUI 3 BYFJ #FDBVTF UIJT TQFDJF XBT TJHOJ୮ୢDBOUMZ MBSHFS UIBO $ FMFHBOT BOE XBT GFFEJOH BU GBTUFS SBUF
UIF 1" JOPDVMBUFE PO UIF QMBUF XBT BMMPXFE UP JODVCBUF GPS I 	JOTUFBE UIF VTVBM I
 PO UIF QMBUF
CFGPSF UIF TUBSU PG UIF BTTBZ
 $ঘগ঍঒ঝ঒ঘগ঒গঐ ঊজজঊঢজ
"WPJEBODF BTTBZT XFSF QFSGPSNFE VTJOH B NPEJ୮ୢFE QSPUPDPM GSPN $IBQUFS  'PS PES DPOEJUJPOJOH
OP NFUBM SJOH XBT VTFE 	BG୴FS I>ॎ PG BOJNBMT XFSF TUJMM JO UIF MBXO BOE CBDUFSJBM TQSFBEJOH XBT
OFHMJHJCMF
 'PS DPOEJUJPOJOH XJUI EJ୭GFSFOU 3IBCEJUJEB TQFDJFT XF VTFE B EJ୭GFSFOU TUBJOMFTT TUFFM
XBTIFS 	DBUBMPHVF OVNCFS " PCUBJOFE GSPN .D.BTUFS$BSS
 XIJDI XBT FBTJFS UP IBOEMF

 .ঞকঝ঒ঙক঎ ঊক঒ঐগখ঎গঝ
.VMUJQMF BMJHONFOU PG 3/" QPMZNFSBTF ** N3/" TFRVFODFT XBT EPOF VTJOH $MVTUBM8  QSPHSBN
XJUI EFGBVMU QBSBNFUFST 8F VTFE TFRVFODFT XJUI UIF GPMMPXJOH BDDFTTJPO OVNCFST &6
&6 ": +/ +/ . 9.@ ") +/

6
$PODMVTJPO
*O UIJT XPSL XF EFWFMPQFE B OPWFM BVUPNBUJD JNBHJOH TZTUFN DBQBCMF PG USBDLJOH UIF EJTUSJCVUJPO
PG $ FMFHBOT OFNBUPEFT BOE UIFJS CBDUFSJBM GPPE TPVSDF PO IBSE BHBS NFEJB 8F VTFE UIJT TFUVQ
UP EFNPOTUSBUF UIBU QBUIPHFO BWPJEBODF EFQFOET PO UIF QPQVMBUJPO EFOTJUZ BOE UIBU UIF TJHOBM JT
USBOTNJUUFE UISPVHI UIF CBDUFSJBM MBXO 8F IBWF GPVOE UIBU UIJT DPMMFDUJWF BWPJEBODF JT BCPMJTIFE
JO PES BOE BDPYNVUBOUT UIBU XFSF VOBCMF UP EFUFDU PS QSPEVDF UIF TJHOBM SFTQFDUJWFMZ 5IJT TVQ
QPSUT UIF IZQPUIFTJT UIBU $ FMFHBOT FYQPTFE UP QBUIPHFOJD CBDUFSJB TFDSFUF BO BMBSN TJHOBM UIBU JT

EFUFDUFE UISPVHI "8" OFVSPO XIJDI ESJWFT UIF XPSNT BXBZ GSPN UIF EBOHFS
5IF DPMMFDUJWF BWPJEBODF JT OPU SFTUSJDUFE UP $ FMFHBOT CVU JT FYIJCJUFE CZ TFWFSBM PUIFS GSFFMJWJOH
OFNBUPEF TQFDJFT XJUIJO $BFOPSIBCEJUॷ BOE BMTP NPSF CSPBEMZ JO 3IBCEJUJEB "MUIPVHI UIF BMBSN
TJHOBM EFQPTJUFE CZ $ FMFHBOT DBO CF EFUFDUFE CZ NBOZ PUIFS TQFDJFT TPNF BSF BUUSBDUFE UP JU SBUIFS
UIBO SFQVMTFE 5IJT TVHHFTUT UIBU DPMMFDUJWF BWPJEBODF JT VTFE NPSF HFOFSBMMZ CZ PUIFS 3IBCEJUJEB
TQFDJFT CVU UIF DPNQPTJUJPO PG UIF DIFNJDBM TJHOBM JT OPU DPOTFSWFE CFUXFFO UIFN
8F IBWF BMTP EFWFMPQFE B QIFOPNFOPMPHJDBM NPEFM UIBU JT BCMF UP SFQSPEVDF UIF RVBOUJUBUJWF
GFBUVSFT PG DPMMFDUJWF BWPJEBODF CFIBWJPS 5IF NPEFM BTTVNFT UIBU UIF XPSNT EFQPTJU UIF BMBSN
QIFSPNPOF JOUP UIF CBDUFSJBM MBXO BOE UIF TJHOBM NBLFT UIF OFNBUPEFT NPSF MJLFMZ UP MFBWF UIF MBXO
JO B DPODFOUSBUJPO EFQFOEFOU XBZ "MUIPVHI UIF NPEFM JT JO B HPPE BHSFFNFOU XJUI UIF BWPJEBODF
BOE DPOEJUJPOJOH FYQFSJNFOUT JO UIF JOJUJBM TUBHFT PG UIPTF BTTBZT JU CSFBLT EPXO BT UIF CBDUFSJB HSPX
PVUTJEF PG UIF PSJHJOBM MBXO
" OBUVSBM FYUFOTJPO PG UIJT XPSL XJMM CF UP JEFOUJGZ UIF DIFNJDBM OBUVSF PG UIF QVUBUJWF BMBSN
QIFSPNPOF 5IJT DBO POMZ CF BDIJFWFE VTJOH NBTT TQFDUSPNFUSZ UFDIOJRVFT 0ODF JTPMBUFE JU XJMM CF
QPTTJCMF UP TZOUIFTJ[F JU BOE USBDL EPXO UIF FYBDU TFU PG OFVSPOT UIBU UIF BOJNBM VTFT UP EFUFDU JU *U
XPVME BMTP CF JOUFSFTUJOH UP TFF XIFUIFS UIFSF FYJTUT B NJY PG BTDBSPTJEFT UIBU DPVME BDU BT B VOJWFSTBM
BMBSN QIFSPNPOF GPS QBSBTJUJD OFNBUPEFT 5IFTF DPVME QPUFOUJBMMZ CF VTFE JO B TJNJMBS XBZ UIBU
UIF BMBSN QIFSPNPOFT BSF VTFE UP LFFQ JOTFDUT BXBZ GSPN DSPQT BOE DPVME QSPWF UP CF B GPSNJEBCMF
XFBQPO BHBJOT QMBOU BOJNBM BOE IVNBO QBSBTJUFT
5IF TFUVQ EFWFMPQFE JO UIJT XPSL DPVME FBTJMZ CF VTFE UP USBDL NVMUJQMF QPQVMBUJPOT PG EJ୭GFSFOU
OFNBUPEFT JO WBSJPVT CFIBWJPSBM BTTBZT 5IJT DPVME QPUFOUJBMMZ PQFO VQ UIF EPPS UP NPSF TUVEJFT
PG QPQVMBUJPOMFWFM EZOBNJDT PO B RVBOUJUBUJWF MFWFM "T $ FMFHBOT BSF PG୴FO GPVOE MJWJOH JO MBSHF
QPQVMBUJPOT JO UIF XJME UIJT OFX RVBOUJUBUJWF BQQSPBDI DPVQMFE XJUI B SJHPSPVT QIZTJDBM NPEFMJOH
DPVME QSPWJEF B WBMVBCMF JOTJHIU UP CJPMPHZ PG UIJT GBTDJOBUJOH NPEFM PSHBOJTN

3FGFSFODFT
<> "CBMMBZ " 	
 3PMF PG UIF OFSWPVT TZTUFN JO UIF DPOUSPM PG QSPUFPTUBTJT EVSJOH JOOBUF
JNNVOF BDUJWBUJPO *OTJHIUT GSPN D FMFHBOT 1-P4 1BUIPHFOT 	
 F
<> "DIBDPTP 5 # 	
 ":ԙT OFVSPBOBUPNZ PG $ FMFHBOT GPS DPNQVUBUJPO #PDB 3BUPO $3$
1SFTT
<> "LFSCPPN + $IFO 58 8BSEJMM 5 + 5JBO - .BSWJO + 4 .VUMV 4 $BMEFS³O / $
&TQPTUJ ' #PSHIVJT # ( 4VO 9 3 (PSEVT " 0SHFS . # 1PSUVHVFT 3 &OHFSU
' .BDLMJO + + 'JMPTB " "HHBSXBM " ,FSS 3 " 5BLBHJ 3 ,SBDVO 4 4IJHFUPNJ &
,IBLI # 4 #BJFS ) -BHOBEP - 8BOH 4 4) #BSHNBOO $ * ,JNNFM # & +BZBSB
NBO 7 4WPCPEB , ,JN % 4 4DISFJUFS & 3  -PPHFS - - 	
 0QUJNJ[BUJPO PG
B ($B.1 DBMDJVN JOEJDBUPS GPS OFVSBM BDUJWJUZ JNBHJOH 5IF +PVSOBM PG OFVSPTDJFODF UIF
P׻DJBM KPVSOBM PG UIF 4PDJFUZ GPS /FVSPTDJFODF 	
 ؛
<> "MCFSUTPO % (  5IPNTPO + / 	
 5IF QIBSZOY PG DBFOPSIBCEJUJT FMFHBOT 1IJMP
TPQIJDBM USBOTBDUJPOT PG UIF 3PZBM 4PDJFUZ PG -POEPO 4FSJॶ # #JPMPHJDBM TDJFODॶ 	

؛
<> "MLFNB . + )VOUFS&OTPS . 3JOHTUBE /  )PSWJU[ ) 3 	
 5ZSBNJOF GVOD
UJPOT JOEFQFOEFOUMZ PG PDUPQBNJOF JO UIF DBFOPSIBCEJUJT FMFHBOT OFSWPVT TZTUFN /FVSPO
	
 ؛
<> "MUVO ; '  )BMM % ) 	
 )BOECPPL PG D FMFHBOT BOBUPNZ *O8PSN"UMॵ 8PS
NBUMBT
<> "MUVO ; ' )FSOEPO - " $SPDLFS $ -JOUT 3  )BMM % ) 	
 8PSNBUMBT
IUUQXXXXPSNBUMBTPSH
<> "MUVO(VMUFLJO ; "OEBDIJ : 5TBMJL & - 1JMHSJN % ,PIBSB :  )PCFSU 0 	

" SFHVMBUPSZ DBTDBEF PG UISFF IPNFPCPY HFOFT DFI UUY BOE DFI DPOUSPMT DFMM GBUF
TQFDJ୮ୢDBUJPO PG B EF୮ୢOFE JOUFSOFVSPO DMBTT JO D FMFHBOT %FWFMPQNFOU 	$BNCSJEHF &OHMBOE

	
 ؛

<> "OEFSTPO " -BVSFOTPO4DIBGFS ) 1BSUSJEHF ' " )PEHLJO +  .D.VMMBO 3 	

4FSPUPOFSHJD DIFNPTFOTPSZ OFVSPOT NPEJGZ UIF D FMFHBOT JNNVOF SFTQPOTF CZ SFHVMBUJOH
HQSPUFJO TJHOBMJOH JO FQJUIFMJBM DFMMT 1-P4 QBUIPHFOT 	
 F
<> "SUZVLIJO " # 4DISPFEFS ' $  "WFSZ - 	
 %FOTJUZ EFQFOEFODF JO DBFOPSIBCEJUJT
MBSWBM TUBSWBUJPO 4DJFOUJ׹D 3FQPSUT 
<> "TIUPO ' 5 -J +  4DIBE ( " 	
 $IFNP BOE UIFSNPTFOTPSZ OFVSPOT TUSVDUVSF
BOE GVODUJPO JO BOJNBM QBSBTJUJD OFNBUPEFT 7FUFSJOBSZ 1BSBTJUPMPॻ 	
 ؛
<> "UUBOBTJ " $BWBHOB " %FM $BTUFMMP - (JBSEJOB * (SJHFSB 5 4 +FMJÇ " .FMJMMP 4
1BSJTJ - 1PIM 0 4IFO &  7JBMF . 	
 *OGPSNBUJPO USBOTGFS BOE CFIBWJPVSBM JOFS
UJB JO TUBSMJOH ୯୳PDLT /BUVSF 1IZTJDT 	
 ؛
<> #BSHNBOO $ 	
 $IFNPTFOTBUJPO JO D FMFHBOT 8PSN#PPL
<> #BSHNBOO $ * 	
 #FZPOE UIF DPOOFDUPNF IPX OFVSPNPEVMBUPST TIBQF OFVSBM DJS
DVJUT #JP&TTBZT /FXT BOE 3FWJFXT JO .PMFDVMBS $FMMVMBS BOE %FWFMPQNFOUBM #JPMPॻ
	
 ؛
<> #BSHNBOO $ *  "WFSZ - 	
 -BTFS LJMMJOH PG DFMMT JO DBFOPSIBCEJUJT FMFHBOT .FUIPET
JO DFMM CJPMPॻ  ؛
<> #BSHNBOO $ * )BSUXJFH &  )PSWJU[ ) 3 	
 0EPSBOUTFMFDUJWF HFOFT BOE OFVSPOT
NFEJBUF PMGBDUJPO JO D FMFHBOT $FMM 	
 ؛
<> #B¯MMF % #BSSJ¨SF "  '©MJY ." 	
 0TDIFJVT UJQVMBF B XJEFTQSFBE IFSNBQISPEJUJD
TPJM OFNBUPEF EJTQMBZT B IJHIFS HFOFUJD EJWFSTJUZ BOE HFPHSBQIJDBM TUSVDUVSF UIBO DBFOPSIBC
EJUJT FMFHBOT .PMFDVMBS &DPMPॻ 	
 ؛
<> #FBMF & -J ( 5BO .8  3VNCBVHI , 1 	
 $BFOPSIBCEJUJT FMFHBOT TFOTFT
CBDUFSJBM BVUPJOEVDFST "QQMJFE BOE &OWJSPONFOUBM .JDSPCJPMPॻ 	
 ؛
<> #FUUJOHFS + $  .D*OUJSF 4 - 	
 4UBUFEFQFOEFODZ JO D FMFHBOT (FOॶ #SBJO BOE
#FIBWJPS 	
 ؛
<> #MBYUFS . 	
 (FOFT BOE HFOPNFT PG OFDBUPS BNFSJDBOVT BOE SFMBUFE IPPLXPSNT
*OUFSOBUJPOBM +PVSOBM GPS 1BSBTJUPMPॻ 	
 ؛
<> #MBYUFS . 	
 /FNBUPEFT 5IF XPSN BOE JUT SFMBUJWFT 1-P4 #JPMPॻ 	
 F
<> #MBYUFS . - %F -FZ 1 (BSFZ + 3 -JV - 9 4DIFMEFNBO 1 7JFSTUSBFUF " 7BO
୯୳FUFSFO + 3 .BDLFZ - : %PSSJT . 'SJTTF - . 7JEB + 5  5IPNBT 8 , 	

" NPMFDVMBS FWPMVUJPOBSZ GSBNFXPSL GPS UIF QIZMVN OFNBUPEB /BUVSF 	
 ؛
<> #SFOOFS 4 	
 5IF HFOFUJDT PG DBFOPSIBCEJUJT FMFHBOT (FOFUJDT 	
 ؛

<> #VUDIFS 3 " 3BHBJOT + 3  $MBSEZ + 	B
 "O JOEPMFDPOUBJOJOH EBVFS QIFSPNPOF
DPNQPOFOU XJUI VOVTVBM EBVFS JOIJCJUPSZ BDUJWJUZ BU IJHIFS DPODFOUSBUJPOT 0SHBOJD -FUUFST
	
 ؛
<> #VUDIFS 3 " 3BHBJOT + 3 ,JN &  $MBSEZ + 	
 " QPUFOU EBVFS QIFSPNPOF DPN
QPOFOU JO DBFOPSIBCEJUJT FMFHBOT UIBU BDUT TZOFSHJTUJDBMMZ XJUI PUIFS DPNQPOFOUT 1SPDFFEJOHT
PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ 	
 ؛
<> #VUDIFS 3 " 3BHBJOT + 3 -J 8 3VWLVO ( $MBSEZ +  .BL ) : 	C
 #JPTZO
UIFTJT PG UIF DBFOPSIBCEJUJT FMFHBOT EBVFS QIFSPNPOF 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ
PG 4DJFODॶ 	
 ؛
<> #¡OZBJ -  1BUUIZ - 	
 "NPFCBQPSF IPNPMPHT PG DBFOPSIBCEJUJT FMFHBOT #JPDIJNJDB
&U #JPQIZTJDB "DUB 	
 ؛
<> $BSOFMM - 	
 5IF HQSPUFJODPVQMFE TFSPUPOJO SFDFQUPS 4&3 SFHVMBUFT FHH MBZJOH BOE
NBMF NBUJOH CFIBWJPST JO DBFOPSIBCEJUJT FMFHBOT +PVSOBM PG /FVSPTDJFODF 	
 ؛

<> $BSSF1JFSSBU . #BJMMJF % +PIOTFO 3 )ZEF 3 )BSU " (SBOHFS -  4©HBMBU -
	
 $IBSBDUFSJ[BUJPO PG UIF DBFOPSIBCEJUJT FMFHBOT H QSPUFJODPVQMFE TFSPUPOJO SFDFQUPST
*OWFSUFCSBUF /FVSPTDJFODF 	
 ؛
<> $BSSJMMP . " (VJMMFSNJO . - 3FOHBSBKBO 4 0LVCP 3 1  )BMMFN & " 	

0TFOTJOH OFVSPOT DPOUSPM $0 SFTQPOTF JO D FMFHBOT +PVSOBM PG /FVSPTDJFODF 	

؛
<> $IBMBTBOJ 4 ) $ISPOJT / 5TVOP[BLJ . (SBZ + . 3BNPU % (PPENBO . # 
#BSHNBOO $ * 	
 %JTTFDUJOH B DJSDVJU GPS PMGBDUPSZ CFIBWJPVS JO DBFOPSIBCEJUJT FMFHBOT
/BUVSF 	
 ؛
<> $IBM୮ୢF . 	
 8PSNCPPL UIF POMJOF SFWJFX PG $ FMFHBOT CJPMPHZ
IUUQXXXXPSNCPPLPSH
<> $IBM୮ୢF . 5V : &VTLJSDIFO ( 8BSE 8 8  1SBTIFS % $ 	
 (SFFO ୯୳VPSFTDFOU
QSPUFJO BT B NBSLFS GPS HFOF FYQSFTTJPO 4DJFODF 	/FX :PSL /:
 	
 ؛
<> $IBOH " + $ISPOJT / ,BSPX % 4 .BSMFUUB . "  #BSHNBOO $ * 	
 " EJT
USJCVUFE DIFNPTFOTPSZ DJSDVJU GPS PYZHFO QSFGFSFODF JO D FMFHBOT 1-P4 #JPMPॻ 	
 F
<> $IBOH ) $ 1BFL +  ,JN % ) 	
 /BUVSBM QPMZNPSQIJTNT JO D FMFHBOT )&$8
F MJHBTF B୭GFDU QBUIPHFO BWPJEBODF CFIBWJPVS /BUVSF
<> $IBTF % 	
 #JPHFOJD BNJOF OFVSPUSBOTNJUUFST JO D FMFHBOT 8PSN#PPL

<> $IBTF % - 1FQQFS + 4  ,PFMMF . 3 	
 .FDIBOJTN PG FYUSBTZOBQUJD EPQBNJOF
TJHOBMJOH JO DBFOPSIBCEJUJT FMFHBOT /BUVSF /FVSPTDJFODF 	
 ؛
<> $IFO # - )BMM % )  $ILMPWTLJJ % # 	
 8JSJOH PQUJNJ[BUJPO DBO SFMBUF OFV
SPOBM TUSVDUVSF BOE GVODUJPO 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ 	
 ؛

<> $IFO ; )FOESJDLT . $PSOJMT " .BJFS 8 "MDFEP +  ;IBOH : 	
 5XP JOTVMJO
MJLF QFQUJEFT BOUBHPOJTUJDBMMZ SFHVMBUF BWFSTJWF PMGBDUPSZ MFBSOJOH JO D FMFHBOT /FVSPO 	

؛
<> $IPF " WPO 3FVTT 4 ) ,PHBO % (BTTFS 3 # 1MBU[FS & ( 4DISPFEFS ' $ 
4UFSOCFSH 1 8 	
 "TDBSPTJEF TJHOBMJOH JT XJEFMZ DPOTFSWFE BNPOH OFNBUPEFT $VS
SFOU #JPMPॻ 	
 ؛
<> $IVBOH $'  #BSHNBOO $ * 	
 " UPMMJOUFSMFVLJO  SFQFBU QSPUFJO BU UIF TZOBQTF
TQFDJ୮ୢFT BTZNNFUSJD PEPSBOU SFDFQUPS FYQSFTTJPO WJB "4, ."1,,, TJHOBMJOH (FOॶ 
EFWFMPQNFOU 	
 ؛
<> $JDIF 5 	
 5IF CJPMPHZ BOE HFOPNF PG IFUFSPSIBCEJUJT CBDUFSJPQIPSB 8PSN#PPL
<> $PCVSO $ .  #BSHNBOO $ * 	
 " QVUBUJWF DZDMJD OVDMFPUJEFHBUFE DIBOOFM JT SF
RVJSFE GPS TFOTPSZ EFWFMPQNFOU BOE GVODUJPO JO D FMFHBOT /FVSPO 	
 ؛
<> $PMCFSU ) "  #BSHNBOO $ * 	
 0EPSBOUTQFDJ୮ୢD BEBQUBUJPO QBUIXBZT HFOFSBUF
PMGBDUPSZ QMBTUJDJUZ JO D FMFHBOT /FVSPO 	
 ؛
<> $PMMFU + 4QJLF $ " -VOERVJTU & " 4IBX + &  )FSNBO 3 , 	
 "OBMZ
TJT PG PTN B HFOF UIBU B୭GFDUT TFOTPSZ DJMJVN TUSVDUVSF BOE TFOTPSZ OFVSPO GVODUJPO JO
DBFOPSIBCEJUJT FMFHBOT (FOFUJDT 	
 ؛
<> $PVJMMBVMU $ 1VKPM / 3FCPVM + 4BCBUJFS - (VJDIPV +' ,PIBSB :  &XCBOL + +
	
 5-3JOEFQFOEFOU DPOUSPM PG JOOBUF JNNVOJUZ JO DBFOPSIBCEJUJT FMFHBOT CZ UIF 5*3
EPNBJO BEBQUPS QSPUFJO 5*3 BO PSUIPMPH PG IVNBO 4"3. /BUVSF *NNVOPMPॻ 	

؛
<> $VFWBT " 'FCSFSP .  'SBJNBO 3 	
 "O BOPWB UFTU GPS GVODUJPOBM EBUB $PNQVUB
UJPOBM 4UBUJTUJDT  %BUB "OBMZTॷ 	
 ؛
<> %BSCZ $ 	
 *OUFSBDUJPOT XJUI NJDSPCJBM QBUIPHFOT 8PSN#PPL
<> %BSCZ $ )TV + 8 (IPSJ /  'BMLPX 4 	
 $BFOPSIBCEJUJT FMFHBOT QMBHVF CBDUF
SJB CJP୮ୢMN CMPDLT GPPE JOUBLF /BUVSF 	
 ؛
<> %F -FZ 1 	
 " RVJDL UPVS PG OFNBUPEF EJWFSTJUZ BOE UIF CBDLCPOF PG OFNBUPEF QIZ
MPHFOZ 8PSN#PPL

<> %F -FZ 1  #MBYUFS . 	
 4ZTUFNBUJD QPTJUJPO BOE QIZMPHFOZ *O % - -FF 	&E
 5IF
CJPMPॻ PG OFNBUPEॶ -POEPO 5BZMPS  'SBODJT
<> %FNQTFZ $ . .BDLFO[JF 4 . (BSHVT " #MBODP (  4[F + : 	
 4FSPUPOJO
	IU
 ୯୳VPYFUJOF JNJQSBNJOF BOE EPQBNJOF UBSHFU EJTUJODU IU SFDFQUPS TJHOBMJOH UP NPEVMBUF
DBFOPSIBCEJUJT FMFHBOT FHHMBZJOH CFIBWJPS (FOFUJDT 	
 ؛
<> %FSOPWJDJ 4 4UBSD 5 %FOU + "  3JCFJSP 1 	
 5IF TFSPUPOJO SFDFQUPS 4&3
	IUDF
 DPOUSJCVUFT UP UIF SFHVMBUJPO PG MPDPNPUJPO JO$BFOPSIBCEJUJT FMFHBOT +PVSOBM PG
/FVSPCJPMPॻ
<> %PSSJT . 7JOFZ . &  #MBYUFS . - 	
 .PMFDVMBS QIZMPHFOFUJD BOBMZTJT PG UIF
HFOVT TUSPOHZMPJEFT BOE SFMBUFE OFNBUPEFT *OUFSOBUJPOBM +PVSOBM GPS 1BSBTJUPMPॻ 	

؛
<> %VFSS + 4 'SJTCZ % - (BTLJO + %VLF " "TFSNFMZ , )VEEMFTUPO % &JEFO - & 
3BOE + # 	
 5IF DBU HFOF PG DBFOPSIBCEJUJT FMFHBOT FODPEFT B WFTJDVMBS NPOPBNJOF
USBOTQPSUFS SFRVJSFE GPS TQFDJ୮ୢD NPOPBNJOFEFQFOEFOU CFIBWJPST 5IF +PVSOBM PG /FVSP
TDJFODF 5IF 0׻DJBM +PVSOBM PG UIF 4PDJFUZ GPS /FVSPTDJFODF 	
 ؛
<> %VOCBS 5 - :BO ; #BMMB , . 4NFMLJOTPO . (  5SPFNFM & 3 	
 $ FMFHBOT
EFUFDUT QBUIPHFOJOEVDFE USBOTMBUJPOBM JOIJCJUJPO UP BDUJWBUF JNNVOF TJHOBMJOH $FMM )PTU 
.JDSPCF 	
 ؛
<> %XZFS / % 5SPFNFM & 3 4FOHVQUB 1  #BSHNBOO $ * 	
 0EPSBOU SFDFQUPS
MPDBMJ[BUJPO UP PMGBDUPSZ DJMJB JT NFEJBUFE CZ 0%3 B OPWFM NFNCSBOFBTTPDJBUFE QSPUFJO
$FMM 	
 ؛
<> &EJTPO " 4 	
 $BFOPSIBCEJUJT FMFHBOT QIFSPNPOFT SFHVMBUF NVMUJQMF DPNQMFY CFIBW
JPST $VSSFOU 0QJOJPO JO /FVSPCJPMPॻ 	
 ؛
<> &JHFO . 	
 4FMGPSHBOJ[BUJPO PG NBUUFS BOE UIF FWPMVUJPO PG CJPMPHJDBM NBDSPNPMFDVMFT
%JF /BUVSXJTTFOTDIBظFO 	
 ؛
<> &OHFMNBOO *  1VKPM / 	
 *OOBUF JNNVOJUZ JO D FMFHBOT "EWBODॶ JO &YQFSJNFOUBM
.FEJDJOF BOE #JPMPॻ  ؛
<> &SNPMBFWB . "  4DIVNBDIFS # 	
 *OTJHIUT GSPN UIF XPSN UIF D FMFHBOT NPEFM GPS
JOOBUF JNNVOJUZ 4FNJOBST JO *NNVOPMPॻ 	
 ؛
<> &TUFT , " %VOCBS 5 - 1PXFMM + 3 "VTVCFM ' .  5SPFNFM & 3 	
 C;*1
USBOTDSJQUJPO GBDUPS [JQ NFEJBUFT BO FBSMZ SFTQPOTF UP QTFVEPNPOBT BFSVHJOPTB JOGFDUJPO JO
DBFOPSIBCEJUJT FMFHBOT 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ 	
 ؛
<> &WBOT & " $IFO 8 $  5BO .8 	
 5IF %"' JOTVMJOMJLF TJHOBMJOH QBUIXBZ
JOEFQFOEFOUMZ SFHVMBUFT BHJOH BOE JNNVOJUZ JO D FMFHBOT "HJOH $FMM 	
 ؛

<> &XCBOL +  1VKPM / 	
 1BUIPHFO BWPJEBODF VTJOH UPMM TJHOBMJOH JO D FMFHBOT *O 5PMM
BOE 5PMM-JLF 3FDFQUPST "O *NNVOPMPHJD 1FSTQFDUJWF 4QSJOHFS 64
<> &[DVSSB . 5BOJ[BXB : 4XPCPEB 1  4DIBGFS 8 3 	
 'PPE TFOTJUJ[FT D FMFHBOT
BWPJEBODF CFIBWJPVST UISPVHI BDVUF EPQBNJOF TJHOBMMJOH 5IF &.#0 KPVSOBM 	
 ؛

<> 'BCJBO 5 +  +PIOTPO 5 & 	
 1SPEVDUJPO PG BHFTZODISPOPVT NBTT DVMUVSFT PG
DBFOPSIBCEJUJT FMFHBOT +PVSOBM PG (FSPOUPMPॻ 	
 #؛
<> 'BJSCBJSO % 	
 5IF CJPDIFNJTUSZ PG BTDBSJT &YQFSJNFOUBM 1BSBTJUPMPॻ 	
 ؛
<> 'BOH:FO $ (BCFM $ 7 4BNVFM " % 5 #BSHNBOO $ *  "WFSZ - 	
 -BTFS
NJDSPTVSHFSZ JO DBFOPSIBCEJUJT FMFHBOT .FUIPET JO DFMM CJPMPॻ  ؛
<> 'BSFT )  (SFFOXBME * 	
 (FOFUJD BOBMZTJT PG FOEPDZUPTJT JO DBFOPSIBCEJUJT FMFHBOT
DPFMPNPDZUF VQUBLF EFGFDUJWF NVUBOUT (FOFUJDT 	
 ؛
<> 'FJOCBVN 3 - 6SCBDI + . -JCFSBUJ / 5 %KPOPWJD 4 "EPOJ[JP " $BSWVOJT "3
 "VTVCFM ' . 	
 (FOPNFXJEF JEFOUJ୮ୢDBUJPO PG QTFVEPNPOBT BFSVHJOPTB WJSVMFODF
SFMBUFE HFOFT VTJOH B DBFOPSIBCEJUJT FMFHBOT JOGFDUJPO NPEFM 1-P4 1BUIPHFOT 	
 F
<> 'MVSZ ' 	
 $IFNJTUSZ BOE UPYJDPMPHZ PG BTDBSJEFT 5IF "NFSJDBO +PVSOBM PG UIF .FEJDBM
4DJFODॶ 	
 
<> 'PVRVFZ $ 1PMPOTLZ +  -FEFSFS & 	
 6CFS EJF DIFNJTDIF TUSVLUVS EFS BTDBSZMPTF
EFT [VDLFSBOUFJMT EFS BTDBSPTJEF "OHFX $IFN *OU &E &OHM  
<> 'SPPOJODLY - 7BO 3PNQBZ - 5FNNFSNBO - 7BO 4JOBZ & #FFUT * +BOTTFO 5 )VT
TPO 4 +  4DIPPGT - 	
 /FVSPQFQUJEF (1$3T JO D FMFHBOT 'SPOUJFST JO &OEPDSJOPM
Pॻ  
<> '©MJY ." 	
 0TDIFJVT UJQVMBF 8PSN#PPL
<> '©MJY ." "TIF " 1J୭GBSFUUJ + 8V ( /VF[ * #©MJDBSE 5 +JBOH : ;IBP ( 'SBO[
$ + (PMETUFJO - % 4BOSPNBO . .JTLB & "  8BOH % 	
 /BUVSBM BOE FYQFSJ
NFOUBM JOGFDUJPO PG DBFOPSIBCEJUJT OFNBUPEFT CZ OPWFM WJSVTFT SFMBUFE UP OPEBWJSVTFT 1-P4
CJPMPॻ 	
 F
<> '©MJY ."  %VWFBV ' 	
 1PQVMBUJPO EZOBNJDT BOE IBCJUBU TIBSJOH PG OBUVSBM QPQV
MBUJPOT PG DBFOPSIBCEJUJT FMFHBOT BOE D CSJHHTBF #.$ #JPMPॻ 	
 
<> (BMMBHIFS - "  .BOPJM $ 	
 1TFVEPNPOBT BFSVHJOPTB 1"0 LJMMT DBFOPSIBCEJUJT
FMFHBOT CZ DZBOJEF QPJTPOJOH +PVSOBM PG #BDUFSJPMPॻ 	
 ؛

<> (BSTJO % " 7JMMBOVFWB + . #FHVO + ,JN % ) 4JGSJ $ % $BMEFSXPPE 4 # 3V
WLVO (  "VTVCFM ' . 	
 -POHMJWFE D FMFHBOT EBG NVUBOUT BSF SFTJTUBOU UP CBDUF
SJBM QBUIPHFOT 4DJFODF 	/FX :PSL /:
 	
 
<> (MPSJB4PSJB "  "[FWFEP 3 # 	
 OQS SFHVMBUFT GPSBHJOH BOE EJTQFSTBM TUSBUFHJFT JO
DBFOPSIBCEJUJT FMFHBOT $VSSFOU #JPMPॻ 	
 ؛
<> (PMEFO +  3JEEMF % 	
 " QIFSPNPOF JO୯୳VFODFT MBSWBM EFWFMPQNFOU JO UIF OFNBUPEF
DBFOPSIBCEJUJT FMFHBOT 4DJFODF 	
 ؛
<> (PMEFO + 8  3JEEMF % - 	
 " HFOF B୭GFDUJOH QSPEVDUJPO PG UIF DBFOPSIBCEJUJT
FMFHBOT EBVFSJOEVDJOH QIFSPNPOF .((.PMFDVMBS  (FOFSBM (FOFUJDT 	
 ؛
<> (PPENBO . 	
 .FDIBOPTFOTBUJPO 8PSN#PPL
<> (VNJFOOZ 5 -  4BWBHF%VOO $ 	
 5('̒ TJHOBMJOH JO D FMFHBOT 8PSN#PPL 	QQ
؛

<> (VQUB 	
 (FOPNJDT BOE CJPMPHZ PG UIF OFNBUPEF DBFOPSIBCEJUJT CSJHHTBF 8PSN#PPL
<> )B )J )FOESJDLT . 4IFO : (BCFM $ 7 'BOH:FO $ 2JO : $PM³O3BNPT %
4IFO , 4BNVFM " %  ;IBOH : 	
 'VODUJPOBM PSHBOJ[BUJPO PG B OFVSBM OFUXPSL GPS
BWFSTJWF PMGBDUPSZ MFBSOJOH JO DBFOPSIBCEJUJT FMFHBOT /FVSPO 	
 ؛
<> )BMM % )  3VTTFMM 3 - 	
 5IF QPTUFSJPS OFSWPVT TZTUFN PG UIF OFNBUPEF
DBFOPSIBCEJUJT FMFHBOT TFSJBM SFDPOTUSVDUJPO PG JEFOUJ୮ୢFE OFVSPOT BOE DPNQMFUF QBUUFSO
PG TZOBQUJD JOUFSBDUJPOT 5IF +PVSOBM PG OFVSPTDJFODF UIF P׻DJBM KPVSOBM PG UIF 4PDJFUZ GPS
/FVSPTDJFODF 	
 ؛
<> )BNEBO ' ' 6OHSJO . % "CSBNPWJU[ .  3JCFJSP 1 	
 $IBSBDUFSJ[BUJPO PG B
OPWFM TFSPUPOJO SFDFQUPS GSPN DBFOPSIBCEJUJT FMFHBOT DMPOJOH BOE FYQSFTTJPO PG UXP TQMJDF
WBSJBOUT +PVSOBM PG OFVSPDIFNJTUSZ 	
 ؛
<> )BQJBL 7 . )PCTPO 3 + )VHIFT - 4NJUI , )BSSJT ( $POEPO $ ,PNVOJFDLJ
1  ,PNVOJFDLJ 3 8 	
 %VBM FYDJUBUPSZ BOE JOIJCJUPSZ TFSPUPOFSHJD JOQVUT NPEV
MBUF FHH MBZJOH JO DBFOPSIBCEJUJT FMFHBOT (FOFUJDT 	
 ؛
<> )BSSJT ( ,PSDIOBL " 4VNNFST 1 )BQJBL 7 -BX 8 + 4UFJO " . ,PNVOJFDLJ
1  ,PNVOJFDLJ 3 	
 %JTTFDUJOH UIF TFSPUPOFSHJD GPPE TJHOBM TUJNVMBUJOH TFOTPSZ
NFEJBUFE BWFSTJWF CFIBWJPS JO D FMFHBOT 1-P4 0/& 	
 F
<> )BSSJT ( 4IFO : )B ) %POBUP " 8BMMJT 4 ;IBOH 9  ;IBOH : 	
 %JTTFDUJOH
UIF TJHOBMJOH NFDIBOJTNT VOEFSMZJOH SFDPHOJUJPO BOE QSFGFSFODF PG GPPE PEPST +PVSOBM PG
/FVSPTDJFODF 	
 ؛

<> )BSSJT ( 1 )BQJBL 7 . 8SBHH 3 5 .JMMFS 4 # )VHIFT - + )PCTPO 3 + 4UFWFO
3 #BNCFS #  ,PNVOJFDLJ 3 8 	
 5ISFF EJTUJODU BNJOF SFDFQUPST PQFSBUJOH BU
EJ୭GFSFOU MFWFMT XJUIJO UIF MPDPNPUPSZ DJSDVJU BSF FBDI FTTFOUJBM GPS UIF TFSPUPOFSHJD NPEVMB
UJPO PG DIFNPTFOTBUJPO JO DBFOPSIBCEJUJT FMFHBOT +PVSOBM PG /FVSPTDJFODF 	
 ؛
<> )BSSJT 5 8 "OUPTIFDILJO * #JFSJ 5 #MBTJBS % $IBO + $IFO 8 + %F -B $SV[ /
%BWJT 1 %VFTCVSZ . 'BOH 3 'FSOBOEFT + )BO . ,JTIPSF 3 -FF 3 .VMMFS )
. /BLBNVSB $ 0[FSTLZ 1 1FUDIFSTLJ " 3BOHBSBKBO " 3PHFST " 4DIJOEFMNBO (
4DIXBS[ & . 5VMJ . " 7BO "VLFO , 8BOH % 8BOH 9 8JMMJBNT ( :PPL ,
%VSCJO 3 4UFJO - % 4QJFUI +  4UFSOCFSH 1 8 	
 8PSN#BTF B DPNQSFIFOTJWF
SFTPVSDF GPS OFNBUPEF SFTFBSDI /VDMFJD "DJET 3FTFBSDI 	%BUBCBTF
 %؛%
<> )BSWFZ 4 $ 	
 /POEBVFS MBSWBM EJTQFSTBM JO $BFOPSIBCEJUॷ FMFHBOT +PVSOBM PG &YQFSJ
NFOUBM ;PPMPॻ 1BSU # .PMFDVMBS BOE %FWFMPQNFOUBM &WPMVUJPO #	
 ؛
<> )FOESJDLT . )B ) .B୭GFZ /  ;IBOH : 	
 $PNQBSUNFOUBMJ[FE DBMDJVN EZOBN
JDT JO B D FMFHBOT JOUFSOFVSPO FODPEF IFBE NPWFNFOU /BUVSF 	
 ؛
<> )JMMT 5 #SPDLJF 1 +  .BSJDR " 7 	
 %PQBNJOF BOE HMVUBNBUF DPOUSPM BSFB
SFTUSJDUFE TFBSDI CFIBWJPS JO DBFOPSIBCEJUJT FMFHBOT 5IF +PVSOBM PG OFVSPTDJFODF UIF P׻DJBM
KPVSOBM PG UIF 4PDJFUZ GPS /FVSPTDJFODF 	
 ؛
<> )PCFSU 0  )BMM % 	
 /FVSPBOBUPNZ " TFDPOE MPPL XJUI ('1 SFQPSUFST BOE TPNF
DPNNFOUT 8PSN #SFFEFSԙT (B[FUUF 	
 
<> )PCTPO 3 + 	
 4&3 B DBFOPSIBCEJUJT FMFHBOT )5MJLF SFDFQUPS JT FTTFOUJBM GPS UIF
)5 TUJNVMBUJPO PG QIBSZOHFBM QVNQJOH BOE FHH MBZJOH (FOFUJDT 	
 ؛
<> )PCTPO 3 + (FOH + (SBZ " %  ,PNVOJFDLJ 3 8 	
 4&3C B DPOTUJUVUJWFMZ
BDUJWF HBMQIBT DPVQMFE )5MJLF SFDFQUPS FYQSFTTFE JO UIF DBFOPSIBCEJUJT FMFHBOT N QIB
SZOHFBM NPUPSOFVSPO +PVSOBM PG OFVSPDIFNJTUSZ 	
 ؛
<> )PEHLJO + ,VXBCBSB 1 &  $PSOFMJVTTFO # 	
 " OPWFM CBDUFSJBM QBUIPHFO NJ
DSPCBDUFSJVN OFNBUPQIJMVN JOEVDFT NPSQIPMPHJDBM DIBOHF JO UIF OFNBUPEF D FMFHBOT
$VSSFOU CJPMPॻ $# 	
 ؛
<> )POH 3 -  4PNNFS 3 + 	
 1SJTUJPODIVT QBDJ୮ୢDVT B XFMMSPVOEFE OFNBUPEF
#JP&TTBZT 	
 ؛
<> )PQF * " &E 	
 $ FMFHBOT B QSBDUJDBM BQQSPBDI /VNCFS 1"4 JO 5IF QSBDUJDBM
BQQSPBDI TFSJFT 0YGPSE  /FX :PSL 0YGPSE 6OJWFSTJUZ 1SFTT
<> )PSWJU[ ) 3 $IBM୮ୢF . 5SFOU $ 4VMTUPO + &  &WBOT 1 % 	
 4FSPUPOJO BOE
PDUPQBNJOF JO UIF OFNBUPEF DBFOPSIBCEJUJT FMFHBOT 4DJFODF 	/FX :PSL /:
 	

؛

<> )V 1 + 	
 %BVFS 8PSN#PPL
<> *EFP ) 'VLVTIJNB , (FOHZP"OEP , .JUBOJ 4 %FKJNB , /PNVSB ,  :B
NBTIJUB , 	
 " DBFOPSIBCEJUJT FMFHBOT HMZDPMJQJECJOEJOH HBMFDUJO GVODUJPOT JO IPTU
EFGFOTF BHBJOTU CBDUFSJBM JOGFDUJPO 5IF +PVSOBM PG #JPMPHJDBM $IFNJTUSZ 	
 ؛

<> *SB[PRVJ + & 5SPFNFM & 3 'FJOCBVN 3 - -VIBDIBDL - ( $F[BJSMJZBO # 0 
"VTVCFM ' . 	
 %JTUJODU QBUIPHFOFTJT BOE IPTU SFTQPOTFT EVSJOH JOGFDUJPO PG D FMF
HBOT CZ Q BFSVHJOPTB BOE T BVSFVT 1-P4 1BUIPHFOT 	
 F
<> *[SBZFMJU : 4SJOJWBTBO + $BNQCFMM 4 - +P : WPO 3FVTT 4 ) (FOP୭G . $ 4UFSOCFSH
1 8  4DISPFEFS ' $ 	
 5BSHFUFE NFUBCPMPNJDT SFWFBMT B NBMF QIFSPNPOF BOE
TFYTQFDJ୮ୢD BTDBSPTJEF CJPTZOUIFTJT JO $BFOPSIBCEJUॷ FMFHBOT "$4 $IFNJDBM #JPMPॻ 	

؛
<> +BGBSJ ( 9JF : ,VMMZFW " -JBOH #  4[F + : 	
 3FHVMBUJPO PG FYUSBTZOBQUJD )5
CZ TFSPUPOJO SFVQUBLF USBOTQPSUFS GVODUJPO JO )5BCTPSCJOH OFVSPOT VOEFSTDPSFT BEBQUB
UJPO CFIBWJPS JO DBFOPSIBCEJUJT FMFHBOT 5IF +PVSOBM PG OFVSPTDJFODF UIF P׻DJBM KPVSOBM PG
UIF 4PDJFUZ GPS /FVSPTDJFODF 	
 ؛
<> +BOTTPO ) # 	
 "EIFTJPO PG DPOJEJB PG ESFDINFSJB DPOJPTQPSB UP DBFOPSIBCEJUJT
FMFHBOT XJME UZQF BOE NVUBOUT +PVSOBM PG /FNBUPMPॻ 	
 ؛
<> +FPOH 1: +VOH . :JN :) ,JN ) 1BSL . )POH & -FF 8 ,JN : ) ,JN
,  1BJL :, 	
 $IFNJDBM TUSVDUVSF BOE CJPMPHJDBM BDUJWJUZ PG UIF DBFOPSIBCEJUJT
FMFHBOT EBVFSJOEVDJOH QIFSPNPOF /BUVSF 	
 ؛
<> +FY " 3 -JV 4 -J # :PVOH / % )BMM 3 4 -J : :BOH - ;FOH / 9V 9 9JPOH
; $IFO ' 8V 9 ;IBOH ( 'BOH 9 ,BOH : "OEFSTPO ( " )BSSJT 5 8 $BNQ
CFMM # & 7MBNJODL + 8BOH 5 $BOUBDFTTJ $ 4DIXBS[ & . 3BOHBOBUIBO 4 (FMEIPG
1 /FKTVN 1 4UFSOCFSH 1 8 :BOH ) 8BOH + 8BOH +  (BTTFS 3 # 	
 "TDBSJT
TVVN ESBG୴ HFOPNF /BUVSF 	
 ؛
<> +PP )+ ,JN ,: :JN :) +JO :9 ,JN ) ,JN .:  1BJL :, 	
 $PO
USJCVUJPO PG UIF QFSPYJTPNBM BDPY HFOF UP UIF EZOBNJD CBMBODF PG EBVNPOF QSPEVDUJPO JO
DBFOPSIBCEJUJT FMFHBOT 5IF +PVSOBM PG CJPMPHJDBM DIFNJTUSZ 	
 ؛
<> ,BNBUI 3 4 'SBTFS " ( %POH : 1PVMJO ( %VSCJO 3 (PUUB . ,BOBQJO "
-F #PU / .PSFOP 4 4PISNBOO . 8FMDINBO % 1 ;JQQFSMFO 1  "ISJOHFS +
	
 4ZTUFNBUJD GVODUJPOBM BOBMZTJT PG UIF DBFOPSIBCEJUJT FMFHBOT HFOPNF VTJOH 3/"J
/BUVSF 	
 ؛

<> ,BOH - (BP + 4DIBGFS 8 3 9JF ;  9V 9 4 	
 $ FMFHBOT 531 GBNJMZ QSPUFJO
531 JT B QPSFGPSNJOH TVCVOJU PG B OBUJWF NFDIBOPUSBOTEVDUJPO DIBOOFM /FVSPO 	

؛
<> ,BQMBO ' "MCPSO ) 5 WPO 3FVTT 4 ) "KSFEJOJ 3 "MJ + ( "LZB[J ' 4UFMJOTLJ
- - &EJTPO " 4 4DISPFEFS ' $  5FBM 1 & 	
 *OUFSTQFDJ୮ୢD OFNBUPEF TJHOBMT
SFHVMBUF EJTQFSTBM CFIBWJPS 1-P4 0/& 	
 F
<> ,BQMBO ' 4SJOJWBTBO + .BIBOUJ 1 "KSFEJOJ 3 %VSBL 0 /JNBMFOESBO 3 4UFSOCFSH
1 8 5FBM 1 & " 4DISPFEFS ' $ &EJTPO " 4  "MCPSO ) 5 	
 "TDBSPTJEF FY
QSFTTJPO JO DBFOPSIBCEJUJT FMFHBOT JT TUSPOHMZ EFQFOEFOU PO EJFU BOE EFWFMPQNFOUBM TUBHF
1-P4 0/& 	
 F
<> ,BXMJ 5  5BO .8 	
 /FVSPFOEPDSJOF TJHOBMT NPEVMBUF UIF JOOBUF JNNVOJUZ PG
DBFOPSIBCEJUJT FMFHBOT UISPVHI JOTVMJO TJHOBMJOH /BUVSF JNNVOPMPॻ 	
 ؛
<> ,JN % 	
 4UVEZJOH IPTUQBUIPHFO JOUFSBDUJPOT BOE JOOBUF JNNVOJUZ JO DBFOPSIBCEJUJT
FMFHBOT %JTFBTF .PEFMT BOE .FDIBOJTNT 	
 ؛
<> ,JN % ) 'FJOCBVN 3 "MMPJOH ( &NFSTPO ' & (BSTJO % " *OPVF ) 5BOBLB
)JOP . )JTBNPUP / .BUTVNPUP , 5BO .8  "VTVCFM ' . 	
 " DPO
TFSWFE Q ."1 LJOBTF QBUIXBZ JO DBFOPSIBCEJUJT FMFHBOT JOOBUF JNNVOJUZ 4DJFODF 	/FX
:PSL /:
 	
 ؛
<> ,JOEU , 4 ތVBTU , # (JMFT " $ %F 4 )FOESFZ % /JDBTUSP * 3BOLJO $ 
4DIBGFS 8 3 	
 %PQBNJOF NFEJBUFT DPOUFYUEFQFOEFOU NPEVMBUJPO PG TFOTPSZ QMBT
UJDJUZ JO D FMFHBOT /FVSPO 	
 ؛
<> ,JPOULF , 	
 5IF QIZMPHFOFUJD SFMBUJPOTIJQT PG DBFOPSIBCEJUJT BOE PUIFS SIBCEJUJET
8PSN#PPL
<> ,JPOULF , 	
 &DPMPHZ PG DBFOPSIBCEJUJT TQFDJFT 8PSN#PPL
<> ,JPOULF , #BSSJ¨SF " ,PMPUVFW * 1PECJMFXJD[ # 4PNNFS 3 'JUDI % ) "  '©MJY
." 	
 5SFOET TUBTJT BOE ESJG୴ JO UIF FWPMVUJPO PG OFNBUPEF WVMWB EFWFMPQNFOU
$VSSFOU CJPMPॻ $# 	
 ؛
<> ,JPOULF , (BWJO / 1 3BZOFT : 3PFISJH $ 1JBOP '  'JUDI % ) " 	

$BFOPSIBCEJUJT QIZMPHFOZ QSFEJDUT DPOWFSHFODF PG IFSNBQISPEJUJTN BOE FYUFOTJWF JOUSPO
MPTT 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ 	
 ؛
<> ,JPOULF , $ '©MJY ." "JMJPO . 3PDLNBO . 7 #SBFOEMF $ 1©OJHBVMU +# 
'JUDI % ) 	
 " QIZMPHFOZ BOE NPMFDVMBS CBSDPEFT GPS DBFOPSIBCEJUJT XJUI OVNFSPVT
OFX TQFDJFT GSPN SPUUJOH GSVJUT #.$ &WPMVUJPOBSZ #JPMPॻ 	
 

<> ,PNBUTV ) .PSJ * 3IFF + 4 "LBJLF /  0ITIJNB : 	
 .VUBUJPOT JO B DZDMJD
OVDMFPUJEFHBUFE DIBOOFM MFBE UP BCOPSNBM UIFSNPTFOTBUJPO BOE DIFNPTFOTBUJPO JO D FMF
HBOT /FVSPO 	
 ؛
<> ,PNVOJFDLJ 3 8 )PCTPO 3 + 3FY & # )BQJBL 7 .  ,PNVOJFDLJ 1 3 	

#JPHFOJD BNJOF SFDFQUPST JO QBSBTJUJD OFNBUPEFT XIBU DBO CF MFBSOFE GSPN DBFOPSIBCEJUJT
FMFHBOT .PMFDVMBS BOE CJPDIFNJDBM QBSBTJUPMPॻ 	
 ؛
<> ,VS[ $ - 4IBQJSB . $IFO , #BJMMJF % -  5BO .8 	
 $BFOPSIBCEJUJT FM
FHBOT QHQ JT JOWPMWFE JO SFTJTUBODF UP CBDUFSJBM JOGFDUJPO BOE IFBWZ NFUBM BOE JUT SFHVMBUJPO
SFRVJSFT 5*3 BOE B Q NBQ LJOBTF DBTDBEF #JPDIFNJDBM BOE CJPQIZTJDBM SFTFBSDI DPNNVOJ
DBUJPOT 	
 ؛
<> -BNCTIFBE 1 + %  #PVDIFS ( 	
 .BSJOF OFNBUPEF EFFQTFB CJPEJWFSTJUZ  IZQFSEJ
WFSTF PS IZQF  (VFTU FEJUPSJBM +PVSOBM PG #JPHFPHSBQIZ 	
 ؛
<> -BOKVJO " 7BO)PWFO . , #BSHNBOO $ * 5IPNQTPO + ,  4FOHVQUB 1 	

0UYPUE IPNFPCPY HFOFT TQFDJGZ EJTUJODU TFOTPSZ OFVSPO JEFOUJUJFT JO D FMFHBOT %FWFMPQ
NFOUBM DFMM 	
 ؛
<> -BSLJO . #MBDLTIJFMET ( #SPXO / $IFOOB 3 .D(FUUJHBO 1 .D8JMMJBN )
7BMFOUJO ' 8BMMBDF * 8JMN " -PQF[ 3 5IPNQTPO + (JCTPO 5  )JHHJOT %
	
 $MVTUBM X BOE DMVTUBM Y WFSTJPO  #JPJOGPSNBUJDT 	
 ؛
<> -FF + ,JN ,: -FF +  1BJL :, 	
 3FHVMBUJPO PG EBVFS GPSNBUJPO CZ P
(MD/"DZMBUJPO JO DBFOPSIBCEJUJT FMFHBOT 5IF +PVSOBM PG #JPMPHJDBM $IFNJTUSZ 	
 ؛

<> -JCFSBUJ / 5 'JU[HFSBME , " ,JN % ) 'FJOCBVN 3 (PMFOCPDL % 5  "VTVCFM
' . 	
 3FRVJSFNFOU GPS B DPOTFSWFE UPMMJOUFSMFVLJO SFTJTUBODF EPNBJO QSPUFJO
JO UIF DBFOPSIBCEJUJT FMFHBOT JNNVOF SFTQPOTF 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG
4DJFODॶ PG UIF 6OJUFE 4UBUॶ PG "NFSJDB 	
 ؛
<> -JOUT 3  &NNPOT 4 8 	
 1BUUFSOJOH PG EPQBNJOFSHJD OFVSPUSBOTNJUUFS JEFOUJUZ
BNPOH DBFOPSIBCEJUJT FMFHBOT SBZ TFOTPSZ OFVSPOT CZ B 5('CFUB GBNJMZ TJHOBMJOH QBUIXBZ
BOE B IPY HFOF %FWFMPQNFOU 	$BNCSJEHF &OHMBOE
 	
 ؛
<> -PFS $ .  ,FOZPO $ + 	
 4FSPUPOJOEF୮ୢDJFOU NVUBOUT BOE NBMF NBUJOH CFIBWJPS
JO UIF OFNBUPEF DBFOPSIBCEJUJT FMFHBOT 5IF +PVSOBM PG /FVSPTDJFODF 5IF 0׻DJBM +PVSOBM PG
UIF 4PDJFUZ GPS /FVSPTDJFODF 	
 ؛
<> -VEFXJH " 	
 "TDBSPTJEF TJHOBMJOH JO D FMFHBOT 8PSN#PPL 	QQ ؛


<> -VEFXJH " ) *[SBZFMJU : 1BSL % .BMJL 3 6 ;JNNFSNBOO " .BIBOUJ 1 'PY
# 8 #FUILF " %PFSJOH ' 3JEEMF % -  4DISPFEFS ' $ 	
 1IFSPNPOF TFOT
JOH SFHVMBUFT DBFOPSIBCEJUJT FMFHBOT MJGFTQBO BOE TUSFTT SFTJTUBODF WJB UIF EFBDFUZMBTF 4*3
1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ 	
 ؛
<> .BDPTLP & ; 1PLBMB / 'FJOCFSH & ) $IBMBTBOJ 4 ) #VUDIFS 3 " $MBSEZ + 
#BSHNBOO $ * 	
 " IVCBOETQPLF DJSDVJU ESJWFT QIFSPNPOF BUUSBDUJPO BOE TPDJBM
CFIBWJPVS JO D FMFHBOT /BUVSF 	
 ؛
<> .BIBKBO.JLMPT 4 5BO .8 3BINF - (  "VTVCFM ' . 	
 .PMFDVMBS NFDI
BOJTNT PG CBDUFSJBM WJSVMFODF FMVDJEBUFE VTJOH B QTFVEPNPOBT BFSVHJOPTB؛ DBFOPSIBCEJUJT
FMFHBOT QBUIPHFOFTJT NPEFM $FMM 	
 ؛
<> .BMMP ( 7 ,VS[ $ - $PVJMMBVMU $ 1VKPM / (SBOKFBVE 4 ,PIBSB :  &XCBOL + +
	
 *OEVDJCMF BOUJCBDUFSJBM EFGFOTF TZTUFN JO D FMFHBOT $VSSFOU CJPMPॻ $# 	

؛
<> .BOHP 4 	
 5IF D FMFHBOT QIBSZOY B NPEFM GPS PSHBOPHFOFTJT 8PSN#PPL
<> .BSTI & ,  .BZ 3 $ 	
 $BFOPSIBCEJUJT FMFHBOT B NPEFM PSHBOJTN GPS JOWFTUJHBUJOH
JNNVOJUZ "QQMJFE BOE &OWJSPONFOUBM .JDSPCJPMPॻ 	
 ؛
<> .BUTVVSB 5 4BUP 5  4IJOHBJ 3 	
 *OUFSBDUJPOT CFUXFFO DBFOPSIBCEJUJT FMFHBOT
JOEJWJEVBMT EVSJOH DIFNPUBDUJD SFTQPOTF ;PPMPHJDBM 4DJFODF 	
 ؛
<> .BVQBT & 	
 .PEFT FU GPSNFT EF SFQSPEVDUJPO EFT OFNBUPEFT "SDIJWॶ EF ;PPMPHJF
&YQFSJNFOUBMF FU (FOFSBMF  ؛
<> .BZFS 8 & )FSSNBOO .  4PNNFS 3 + 	
 1IZMPHFOZ PG UIF OFNBUPEF
HFOVT QSJTUJPODIVT BOE JNQMJDBUJPOT GPS CJPEJWFSTJUZ CJPHFPHSBQIZ BOE UIF FWPMVUJPO PG
IFSNBQISPEJUJTN #.$ FWPMVUJPOBSZ CJPMPॻ  
<> .D&XBO % - ,JSJFOLP / 7  "VTVCFM ' . 	
 )PTU USBOTMBUJPOBM JOIJCJUJPO CZ
QTFVEPNPOBT BFSVHJOPTB FYPUPYJO B USJHHFST BO JNNVOF SFTQPOTF JO DBFOPSIBCEJUJT FMFHBOT
$FMM )PTU  .JDSPCF 	
 ؛
<> .D(SBUI 1 5 3PDLNBO . 7 ;JNNFS . +BOH ) .BDPTLP & ; ,SVHMZBL - 
#BSHNBOO $ * 	
 ތVBOUJUBUJWF NBQQJOH PG B EJHFOJD CFIBWJPSBM USBJU JNQMJDBUFT HMPCJO
WBSJBUJPO JO D FMFHBOT TFOTPSZ CFIBWJPST /FVSPO 	
 ؛
<> .FJTFM + 1BOEB 0 .BIBOUJ 1 4DISPFEFS '  ,JN % 	
 $IFNPTFOTBUJPO PG CBD
UFSJBM TFDPOEBSZ NFUBCPMJUFT NPEVMBUFT OFVSPFOEPDSJOF TJHOBMJOH BOE CFIBWJPS PG D FMFHBOT
$FMM 	
 ؛
<> .FJTFM + %  ,JN % ) 	
 #FIBWJPSBM BWPJEBODF PG QBUIPHFOJD CBDUFSJB CZ
DBFOPSIBCEJUJT FMFHBOT 5SFOET JO *NNVOPMPॻ 	
 ؛

<> .FMP + "  3VWLVO ( 	
 *OBDUJWBUJPO PG DPOTFSWFE D FMFHBOT HFOFT FOHBHFT
QBUIPHFO BOE YFOPCJPUJDBTTPDJBUFE EFGFOTFT $FMM 	
 ؛
<> .PSJ *  0ITIJNB : 	
 /FVSBM SFHVMBUJPO PG UIFSNPUBYJT JO DBFOPSIBCEJUJT FMFHBOT
/BUVSF 	
 ؛
<> .PVTTBJG .  4[F + : 	
 *OUSB୯୳BHFMMBS USBOTQPSUIFEHFIPHSFMBUFE TJHOBMJOH DPN
QPOFOUT DPVQMF TFOTPSZ DJMJVN NPSQIPMPHZ BOE TFSPUPOJO CJPTZOUIFTJT JO DBFOPSIBCEJUJT FM
FHBOT 5IF +PVSOBM PG OFVSPTDJFODF UIF P׻DJBM KPVSOBM PG UIF 4PDJFUZ GPS /FVSPTDJFODF 	

؛
<> .VJS 3 &  5BO .8 	
 7JSVMFODF PG MFVDPCBDUFS DISPNJJSFEVDFOT TVCTQ TPMJQJD
UVT UP DBFOPSIBCEJUJT FMFHBOT DIBSBDUFSJ[BUJPO PG B OPWFM IPTUQBUIPHFO JOUFSBDUJPO "QQMJFE
BOE &OWJSPONFOUBM .JDSPCJPMPॻ 	
 ؛
<> /BLBJ + 0ILVSB .  *NPUP , 	
 " IJHI TJHOBMUPOPJTF DB	
 QSPCF DPNQPTFE PG
B TJOHMF HSFFO ୯୳VPSFTDFOU QSPUFJO /BUVSF #JPUFDIOPMPॻ 	
 ؛
<> /JDIPMBT 8 - %PVHIFSUZ & $  )BOTFO & - 	
 "9&/*$ $6-5*7"5*0/ 0'
$"&/03)"3%*5*4 #3*((4"& 	/&."50%" 3)"#%*5*%"&
 8*5) $)&.*
$"--: 6/%&'*/&% 4611-&.&/54 $0.1"3"5*7& 456%*&4 8*5) 3&-"5&%
/&."50%&4 "OOBMT PG UIF /FX :PSL "DBEFNZ PG 4DJFODॶ 	
 ؛
<> 0MEF #  .D$PNCJF 8 3 	
 .PMFDVMBS DMPOJOH BOE GVODUJPOBM FYQSFTTJPO PG B
TFSPUPOJO SFDFQUPS GSPN DBFOPSIBCEJUJT FMFHBOT +PVSOBM PG NPMFDVMBS OFVSPTDJFODF ./ 	

؛
<> 0TBOBJ " )V %-  /BLBOF " 	
 $BFOPSIBCEJUJT FMFHBOT BWPJET TUBQIZMPDPDDBM
TVQFSBOUJHFOJD UPYJOT WJB IZESPYZUSZQUBNJOFEFQFOEFOU QBUIXBZ $BOBEJBO KPVSOBM PG
NJDSPCJPMPॻ 	
 ؛
<> 0TIJP , *XBTBLJ : .PSJUB 4 0TBOB : (PNJ 4 "LJZBNB & 0NBUB , 0LB , 
,BXBNVSB , 	
 %BUBCBTF PG TZOBQUJD DPOOFDUJWJUZ PG D FMFHBOT GPS DPNQVUBUJPO
5FDIOJDBM 3FQPSU PG $$F1
<> 1BMD[FXTLJ , ,VNBTBLB 5 )PSJ 5 #FIOLF $ " .PUPTIJNB ) 'PY # " -F 5SPOH
* 5FMMFS % $ 0LBEB 5 4UFOLBNQ 3 & :BNBNPUP .  .JZBOP . 	
 $SZTUBM
TUSVDUVSF PG SIPEPQTJO " H QSPUFJODPVQMFE SFDFQUPS 4DJFODF 	/FX :PSL /:
 	

؛
<> 1BOEFZ 1 .FSTIB . %  %IJMMPO ) 4 	
 " TZOFSHJTUJD BQQSPBDI UPXBSET VOEFS
TUBOEJOH UIF GVODUJPOBM TJHOJ୮ୢDBODF PG EPQBNJOF SFDFQUPS JOUFSBDUJPOT +PVSOBM PG .PMFDVMBS
4JHOBMJOH 	
 

<> 1FSLJOT - " )FEHFDPDL & . 5IPNTPO + /  $VMPUUJ + ( 	
 .VUBOU TFOTPSZ
DJMJB JO UIF OFNBUPEF DBFOPSIBCEJUJT FMFHBOT %FWFMPQNFOUBM #JPMPॻ 	
 ؛
<> 1PJOBS ( 0 	
 %FTDSJQUJPO BOE CJPMPHZ PG B OFX JOTFDU QBSBTJUJD SIBCEJUPJE IFU
FSPSIBCEJUJT CBDUFSJPQIPSB O HFO O TQ 	SIBCEJUJEB IFUFSPSIBCEJUJEBF O GBN
 /FNB
UPMPHJDB 	
 ؛
<> 1PXFMM + 3 ,JN % )  "VTVCFM ' . 	
 5IF H QSPUFJODPVQMFE SFDFQUPS '4)3
JT SFRVJSFE GPS UIF DBFOPSIBCEJUJT FMFHBOT JOOBUF JNNVOF SFTQPOTF 1SPDFFEJOHT PG UIF /B
UJPOBM "DBEFNZ PG 4DJFODॶ PG UIF 6OJUFE 4UBUॶ PG "NFSJDB 	
 ؛
<> 1SBEFM & ;IBOH : 1VKPM / .BUTVZBNB 5 #BSHNBOO $ *  &XCBOL + + 	

%FUFDUJPO BOE BWPJEBODF PG B OBUVSBM QSPEVDU GSPN UIF QBUIPHFOJD CBDUFSJVN TFSSBUJB
NBSDFTDFOT CZ DBFOPSIBCEJUJT FMFHBOT 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ
	
 ؛
<> 1VKPM / $ZQPXZK 4 ;JFHMFS , .JMMFU " "TUSBJO " (PODIBSPW " +JO : $IJTIPMN
" %  &XCBOL + + 	
 %JTUJODU JOOBUF JNNVOF SFTQPOTFT UP JOGFDUJPO BOE XPVOEJOH
JO UIF D FMFHBOT FQJEFSNJT $VSSFOU CJPMPॻ $# 	
 ؛
<> 1VKPM / -JOL & . -JV - 9 ,VS[ $ "MMPJOH ( 5BO .8 3BZ , 1 4PMBSJ 3
+PIOTPO $ %  &XCBOL + + 	
 " SFWFSTF HFOFUJD BOBMZTJT PG DPNQPOFOUT PG UIF UPMM
TJHOBMJOH QBUIXBZ JO DBFOPSIBCEJUJT FMFHBOT $VSSFOU #JPMPॻ 	
 ؛
<> 2JO : ;IBOH 9  ;IBOH : 	
 " OFVSPOBM TJHOBMJOH QBUIXBZ PG $B.,** BOE HR
SFHVMBUFT FYQFSJFODFEFQFOEFOU USBOTDSJQUJPO PG UQI +PVSOBM PG /FVSPTDJFODF 	
 ؛

<> 3BINF - 4UFWFOT & 8PMGPSU 4 4IBP + 5PNQLJOT 3  "VTVCFM ' 	
 $PNNPO
WJSVMFODF GBDUPST GPS CBDUFSJBM QBUIPHFOJDJUZ JO QMBOUT BOE BOJNBMT 4DJFODF 	
 ؛

<> 3BOHBOBUIBO 3 $BOOPO 4 $  )PSWJU[ ) 3 	
 .0% JT B TFSPUPOJOHBUFE
DIMPSJEF DIBOOFM UIBU NPEVMBUFT MPDPNPUPSZ CFIBWJPVS JO D FMFHBOT /BUVSF 	

؛
<> 3BOHBOBUIBO 3 4BXJO & 3 5SFOU $  )PSWJU[ ) 3 	
 .VUBUJPOT JO UIF
DBFOPSIBCEJUJT FMFHBOT TFSPUPOJO SFVQUBLF USBOTQPSUFS .0% SFWFBM TFSPUPOJOEFQFOEFOU
BOE JOEFQFOEFOU BDUJWJUJFT PG ୯୳VPYFUJOF 5IF +PVSOBM PG OFVSPTDJFODF UIF P׻DJBM KPVSOBM PG
UIF 4PDJFUZ GPS /FVSPTDJFODF 	
 ؛
<> 3BTNVTTFO 4 ( ' $IPJ )+ 3PTFOCBVN % . ,PCJMLB 5 4 5IJBO ' 4 &EXBSET
1 $ #VSHIBNNFS . 3BUOBMB 7 3 1 4BOJTIWJMJ 3 'JTDIFUUJ 3 ' 4DIFSUMFS ( ' 9
8FJT 8 *  ,PCJMLB # , 	
 $SZTUBM TUSVDUVSF PG UIF IVNBO CFUB BESFOFSHJD H
QSPUFJODPVQMFE SFDFQUPS /BUVSF 	
 ؛

<> 3BTNVTTFO 4 ( ' %F7SFF # 5 ;PV : ,SVTF " $ $IVOH , : ,PCJMLB 5 4
5IJBO ' 4 $IBF 1 4 1BSEPO & $BMJOTLJ % .BUIJFTFO + . 4IBI 4 5 " -ZPOT
+ " $B୭GSFZ . (FMMNBO 4 ) 4UFZBFSU + 4LJOJPUJT ( 8FJT 8 * 4VOBIBSB 3 , 
,PCJMLB # , 	
 $SZTUBM TUSVDUVSF PG UIF ̒ BESFOFSHJD SFDFQUPSHT QSPUFJO DPNQMFY
/BUVSF 	
 ؛
<> 3FEEZ + ,  )BTIJNPUP 5 	
 1FSPYJTPNBM CFUBPYJEBUJPO BOE QFSPYJTPNF
QSPMJGFSBUPSBDUJWBUFE SFDFQUPS BMQIB BO BEBQUJWF NFUBCPMJD TZTUFN "OOVBM 3FWJFX PG /V
USJUJPO  ؛
<> 3FJOFS % + /FXUPO & . 5JBO )  5IPNBT + ) 	
 %JWFSTF CFIBWJPVSBM EFGFDUT
DBVTFE CZ NVUBUJPOT JO DBFOPSIBCEJUJT FMFHBOT VOD $B. LJOBTF ** /BUVSF 	

؛
<> 3FO 1 -JN $ 4 +PIOTFO 3 "MCFSU 1 4 1JMHSJN %  3JEEMF % - 	
 $POUSPM PG
D FMFHBOT MBSWBM EFWFMPQNFOU CZ OFVSPOBM FYQSFTTJPO PG B 5('CFUB IPNPMPH 4DJFODF 	/FX
:PSL /:
 	
 ؛
<> 3FY & )BQJBL 7 )PCTPO 3 4NJUI , 9JBP )  ,PNVOJFDLJ 3 	
 5:3"
	GF
 B DBFOPSIBCEJUJT FMFHBOT UZSBNJOF SFDFQUPS FYQSFTTFE JO UIF .$ BOE /4. QIBSZO
HFBM OFVSPOT +PVSOBM PG /FVSPDIFNJTUSZ 	
 ؛
<> 3FY &  ,PNVOJFDLJ 3 8 	
 $IBSBDUFSJ[BUJPO PG B UZSBNJOF SFDFQUPS GSPN
DBFOPSIBCEJUJT FMFHBOT +PVSOBM PG /FVSPDIFNJTUSZ 	
 ؛
<> 3FY & .PMJUPS 4 $ )BQJBL 7 9JBP ) )FOEFSTPO .  ,PNVOJFDLJ 3 	

5ZSBNJOF SFDFQUPS 	4&3
 JTPGPSNT BSF JOWPMWFE JO UIF SFHVMBUJPO PG QIBSZOHFBM QVNQJOH
BOE GPSBHJOH CFIBWJPS JO DBFOPSIBCEJUJT FMFHBOT +PVSOBM PG /FVSPDIFNJTUSZ 	
 ؛
<> 3PCBU[FL .  5IPNBT + ) 	
 $BMDJVNDBMNPEVMJOEFQFOEFOU QSPUFJO LJOBTF **
SFHVMBUFT DBFOPSIBCEJUJT FMFHBOT MPDPNPUJPO JO DPODFSU XJUI B H	P
H	R
 TJHOBMJOH OFUXPSL
(FOFUJDT 	
 ؛
<> 3PCFSUTPO ) 	
 5IF QVUBUJWF DIFNPSFDFQUPS GBNJMJFT PG D FMFHBOT 8PSN#PPL
<> 3POHP $  ,BQMBO + . 	
 $B.,** SFHVMBUFT UIF EFOTJUZ PG DFOUSBM HMVUBNBUFSHJD
TZOBQTFT JO WJWP /BUVSF 	
 ؛
<> 3PTF + , 	
 %FDSFBTFE TFOTPSZ TUJNVMBUJPO SFEVDFT CFIBWJPSBM SFTQPOEJOH SFUBSET
EFWFMPQNFOU BOE BMUFST OFVSPOBM DPOOFDUJWJUZ JO DBFOPSIBCEJUJT FMFHBOT +PVSOBM PG /FVSP
TDJFODF 	
 ؛
<> 3¶EFMTQFSHFS $ /FIFS 3 " 8FMMFS " . &CFSIBSEU ( 8JUUF ) .BZFS 8 & %J
FUFSJDI $  4PNNFS 3 + 	
 $IBSBDUFSJ[BUJPO PG HFOFUJD EJWFSTJUZ JO UIF OFNBUPEF
QSJTUJPODIVT QBDJ୮ୢDVT GSPN QPQVMBUJPOTDBMF SFTFRVFODJOH EBUB (FOFUJDT 	
 ؛

<> 4BHBTUJ " )PCFSU 0 5SPFNFM & 3 3VWLVO (  #BSHNBOO $ * 	
 "MUFSOBUJWF
PMGBDUPSZ OFVSPO GBUFT BSF TQFDJ୮ୢFE CZ UIF -*. IPNFPCPY HFOF MJN (FOॶ  EFWFMPQNFOU
	
 ؛
<> 4BOZBM 4 8JOUMF 3 ' ,JOEU , 4 /VUUMFZ 8 . "SWBO 3 'JU[NBVSJDF 1 #JHSBT
& .FS[ % $ )©CFSU 5 & WBO EFS ,PPZ % 4DIBGFS 8 3 $VMPUUJ + (  7BO 5PM
) ) . 	
 %PQBNJOF NPEVMBUFT UIF QMBTUJDJUZ PG NFDIBOPTFOTPSZ SFTQPOTFT JO
DBFOPSIBCEJUJT FMFHBOT 5IF &.#0 KPVSOBM 	
 ؛
<> 4BXJO & 3 3BOHBOBUIBO 3  )PSWJU[ ) 3 	
 $ FMFHBOT MPDPNPUPSZ SBUF JT NPE
VMBUFE CZ UIF FOWJSPONFOU UISPVHI B EPQBNJOFSHJD QBUIXBZ BOE CZ FYQFSJFODF UISPVHI B
TFSPUPOFSHJD QBUIXBZ /FVSPO 	
 ؛
<> 4DIBDLXJU[ 8 4 *OPVF 5  5IPNBT + ) 	
 $IFNPTFOTPSZ OFVSPOT GVODUJPO JO
QBSBMMFM UP NFEJBUF B QIFSPNPOF SFTQPOTF JO D FMFHBOT /FVSPO 	
 ؛
<> 4DIPMFZ + 	
 5IF TFOTPSZ DJMJB PG DBFOPSIBCEJUJT FMFHBOT 8PSN#PPL
<> 4DIVMFOCVSH )  #PFIOJTDI $ 	
 %JWFSTJ୮ୢDBUJPO BOE BEBQUJWF TFRVFODF FWPMVUJPO PG
DBFOPSIBCEJUJT MZTP[ZNFT 	OFNBUPEB 3IBCEJUJEBF
 #.$ &WPMVUJPOBSZ #JPMPॻ 	
 
<> 4DIVMFOCVSH )  &XCBOL + + 	
 5IF HFOFUJDT PG QBUIPHFO BWPJEBODF JO DBFOPSIBCEJ
UJT FMFHBOT .PMFDVMBS .JDSPCJPMPॻ 	
 ؛
<> 4DIVMFOCVSH ) )PFQQOFS . 1 8FJOFS +  #PSOCFSH#BVFS & 	
 4QFDJ୮ୢDJUZ
PG UIF JOOBUF JNNVOF TZTUFN BOE EJWFSTJUZ PG DUZQF MFDUJO EPNBJO 	$5-%
 QSPUFJOT JO UIF
OFNBUPEF DBFOPSIBCEJUJT FMFHBOT *NNVOPCJPMPॻ 	
 ؛
<> 4DIVMFOCVSH )  .¼MMFS 4 	
 /BUVSBM WBSJBUJPO JO UIF SFTQPOTF PG DBFOPSIBCEJUJT
FMFHBOT UPXBSET CBDJMMVT UIVSJOHJFOTJT 1BSBTJUPMPॻ 	1U 
 ؛
<> 4FOHVQUB 1 $IPV + )  #BSHNBOO $ * 	
 PES FODPEFT B TFWFO USBOTNFNCSBOF
EPNBJO PMGBDUPSZ SFDFQUPS SFRVJSFE GPS SFTQPOTFT UP UIF PEPSBOU EJBDFUZM $FMM 	
 ؛

<> 4FOHVQUB 1 $PMCFSU ) "  #BSHNBOO $ * 	
 5IF D FMFHBOT HFOF PES FODPEFT BO
PMGBDUPSZTQFDJ୮ୢD NFNCFS PG UIF OVDMFBS SFDFQUPS TVQFSGBNJMZ $FMM 	
 ؛
<> 4IBLJS . " 'VLVTIJHF 5 :BTVEB ) .JXB +  4JEEJRVJ 4 4 	
 $ FMFHBOT PTN
HFOF NFEJBUJOH PTNPUJD BWPJEBODF CFIBWJPVS FODPEFT B LJOFTJOMJLF QSPUFJO /FVSPSFQPSU
	
 ؛
<> 4IJWFST 3 1 ,PPJTUSB 5 $IV 4 8 1BHBOP % +  ,JN % ) 	
 5JTTVFTQFDJ୮ୢD
BDUJWJUJFT PG BO JNNVOF TJHOBMJOH NPEVMF SFHVMBUF QIZTJPMPHJDBM SFTQPOTFT UP QBUIPHFOJD BOE
OVUSJUJPOBM CBDUFSJB JO D FMFHBOT $FMM )PTU  .JDSPCF 	
 ؛

<> 4NJUI . 1 -BXT 5 3 "ULJOT 5 1 0ZTUPO 1 $ 1PNFSBJ % *  5JUCBMM 3 8
	
 " MJRVJECBTFE NFUIPE GPS UIF BTTFTTNFOU PG CBDUFSJBM QBUIPHFOJDJUZ VTJOH UIF OF
NBUPEF $BFOPSIBCEJUॷ FMFHBOT '&.4 .JDSPCJPMPॻ -FUUFST 	
 ؛
<> 4PLPMDIJL * 	
 1PMZNPEBM TFOTPSZ GVODUJPO PG UIF DBFOPSIBCEJUJT FMFHBOT 0$3 DIBO
OFM BSJTFT GSPN EJTUJODU JOUSJOTJD EFUFSNJOBOUT XJUIJO UIF QSPUFJO BOE JT TFMFDUJWFMZ DPOTFSWFE
JO NBNNBMJBO 5317 QSPUFJOT +PVSOBM PG /FVSPTDJFODF 	
 ؛
<> 4PNNFS 3 	
 1SJTUJPODIVT QBDJ୮ୢDVT 8PSN#PPL
<> 4SJOJWBTBO + ,BQMBO ' "KSFEJOJ 3 ;BDIBSJBI $ "MCPSO ) 5 5FBM 1 & " .BMJL
3 6 &EJTPO " 4 4UFSOCFSH 1 8  4DISPFEFS ' $ 	
 " CMFOE PG TNBMM NPMFDVMFT
SFHVMBUFT CPUI NBUJOH BOE EFWFMPQNFOU JO DBFOPSIBCEJUJT FMFHBOT /BUVSF 	
 ؛

<> 4SJOJWBTBO + WPO 3FVTT 4 ) #PTF / ;BTMBWFS " .BIBOUJ 1 )P . $ 0ؠ%PIFSUZ
0 ( &EJTPO " 4 4UFSOCFSH 1 8  4DISPFEFS ' $ 	
 " NPEVMBS MJCSBSZ PG TNBMM
NPMFDVMF TJHOBMT SFHVMBUFT TPDJBM CFIBWJPST JO DBFOPSIBCEJUJT FMFHBOT 1-P4 #JPMPॻ 	

F
<> 4UFJO - % #BP ; #MBTJBS % #MVNFOUIBM 5 #SFOU . 3 $IFO / $IJOXBMMB "
$MBSLF - $MFF $ $PHIMBO " $PVMTPO " %ؠ&VTUBDIJP 1 'JUDI % ) " 'VMUPO - "
'VMUPO 3 & (SJ୭୮ୢUIT+POFT 4 )BSSJT 5 8 )JMMJFS - 8 ,BNBUI 3 ,VXBCBSB 1 &
.BSEJT & 3 .BSSB . " .JOFS 5 - .JOY 1 .VMMJLJO + $ 1MVNC 3 8 3PHFST
+ 4DIFJO + & 4PISNBOO . 4QJFUI + 4UBKJDI + & 8FJ $ 8JMMFZ % 8JMTPO 3 ,
%VSCJO 3  8BUFSTUPO 3 ) 	
 5IF HFOPNF TFRVFODF PG DBFOPSIBCEJUJT CSJHHTBF B
QMBUGPSN GPS DPNQBSBUJWF HFOPNJDT 1-P4 CJPMPॻ 	
 &
<> 4UJFSOBHMF 5 	
 .BJOUFOBODF PG D FMFHBOT 8PSN#PPL
<> 4VEIBVT 8  'JUDI % 	
 $PNQBSBUJWF TUVEJFT PO UIF QIZMPHFOZ BOE TZTUFNBUJDT PG
UIF SIBCEJUJEBF 	OFNBUPEB
 +063/"- 0' /&."50-0(: 	
 ؛
<> 4VHJVSB . 'VLF 4 4VP 4 4BTBHBXB / 7BO 5PM ) ) .  *TIJVSB 4 	
 $IBS
BDUFSJ[BUJPO PG B OPWFM EMJLF EPQBNJOF SFDFQUPS XJUI B USVODBUFE TQMJDF WBSJBOU BOE B EMJLF
EPQBNJOF SFDFQUPS VOJRVF UP JOWFSUFCSBUFT GSPN DBFOPSIBCEJUJT FMFHBOT +PVSOBM PG /FVSP
DIFNJTUSZ 	
 ؛
<> 4VMTUPO + %FX .  #SFOOFS 4 	
 %PQBNJOFSHJD OFVSPOT JO UIF OFNBUPEF
DBFOPSIBCEJUJT FMFHBOT 5IF +PVSOBM PG $PNQBSBUJWF /FVSPMPॻ 	
 ؛
<> 4VMTUPO + & 4DIJFSFOCFSH & 8IJUF + (  5IPNTPO + / 	
 5IF FNCSZPOJD DFMM
MJOFBHF PG UIF OFNBUPEF DBFOPSIBCEJUJT FMFHBOT %FWFMPQNFOUBM #JPMPॻ 	
 ؛

<> 4VNQUFS % + 5 	
 $PMMFDUJWF BOJNBM CFIBWJPS 1SJODFUPO /+ 1SJODFUPO 6OJWFSTJUZ
1SFTT
<> 4VO + 4JOHI 7 ,BKJOP4BLBNPUP 3  "CBMMBZ " 	
 /FVSPOBM (1$3 DPOUSPMT
JOOBUF JNNVOJUZ CZ SFHVMBUJOH OPODBOPOJDBM VOGPMEFE QSPUFJO SFTQPOTF HFOFT 4DJFODF 	/FX
:PSL /:
 	
 ؛
<> 4VP 4 ,JNVSB :  7BO 5PM ) ) . 	
 4UBSWBUJPO JOEVDFT D".1 SFTQPOTF
FMFNFOUCJOEJOH QSPUFJOEFQFOEFOU HFOF FYQSFTTJPO UISPVHI PDUPQBNJOFHR TJHOBMJOH JO
DBFOPSIBCEJUJT FMFHBOT 5IF +PVSOBM PG /FVSPTDJFODF 5IF 0׻DJBM +PVSOBM PG UIF 4PDJFUZ GPS
/FVSPTDJFODF 	
 ؛
<> 4VP 4 4BTBHBXB /  *TIJVSB 4 	
 *EFOUJ୮ୢDBUJPO PG B EPQBNJOF SFDFQUPS GSPN
DBFOPSIBCEJUJT FMFHBOT /FVSPTDJFODF -FUUFST 	
 ؛
<> 4VP 4 4BTBHBXB /  *TIJVSB 4 	
 $MPOJOH BOE DIBSBDUFSJ[BUJPO PG B DBFOPSIBCEJUJT
FMFHBOT EMJLF EPQBNJOF SFDFQUPS $ FMFHBOT EMJLF EPQBNJOF SFDFQUPS +PVSOBM PG /FVSP
DIFNJTUSZ 	
 ؛
<> 4[F + : 7JDUPS . -PFS $ 4IJ :  3VWLVO ( 	
 'PPE BOE NFUBCPMJD TJHOBMMJOH
EFGFDUT JO B DBFOPSIBCEJUJT FMFHBOT TFSPUPOJOTZOUIFTJT NVUBOU /BUVSF 	
 ؛
<> 5BCJTI . 4JEEJRVJ ; , /JTIJLBXB ,  4JEEJRVJ 4 4 	
 &YDMVTJWF FYQSFTTJPO PG
D FMFHBOT PTN LJOFTJO HFOF JO DIFNPTFOTPSZ OFVSPOT PQFO UP UIF FYUFSOBM FOWJSPONFOU
+PVSOBM PG NPMFDVMBS CJPMPॻ 	
 ؛
<> 5BMMJOJ : / 0ILVSB . $IPJ #3 +J ( *NPUP , %PSBO 3 -FF + 1MBO 1 8JMTPO
+ 9JO )# 4BOCF " (VMJDL + .BUIBJ + 3PCCJOT + 4BMBNB ( /BLBJ +  ,PU
MJLP୭G . * 	
 *NBHJOH DFMMVMBS TJHOBMT JO UIF IFBSU JO WJWP $BSEJBD FYQSFTTJPO PG UIF
IJHITJHOBM DB JOEJDBUPS ($B.1 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ PG UIF
6OJUFE 4UBUॶ PG "NFSJDB 	
 ؛
<> 5BO .8 .BIBKBO.JLMPT 4  "VTVCFM ' . 	B
 ,JMMJOH PG DBFOPSIBCEJUJT FMFHBOT
CZ QTFVEPNPOBT BFSVHJOPTB VTFE UP NPEFM NBNNBMJBO CBDUFSJBM QBUIPHFOFTJT 1SPDFFEJOHT PG
UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ 	
 ؛
<> 5BO .8 3BINF - ( 4UFSOCFSH + " 5PNQLJOT 3 (  "VTVCFM ' . 	C

1TFVEPNPOBT BFSVHJOPTB LJMMJOH PG DBFOPSIBCEJUJT FMFHBOT VTFE UP JEFOUJGZ Q BFSVHJOPTB
WJSVMFODF GBDUPST 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ 	
 ؛
<> 5IF $OCTQFMFHBOT 4FRVFODJOH $POTPSUJVN 	
 (FOPNF TFRVFODF PG UIF OFNBUPEF
DFMFHBOT " QMBUGPSN GPS JOWFTUJHBUJOH CJPMPHZ 4DJFODF 	
 ؛
<> 5IPNBT + ) #JSOCZ % "  7PXFMT + + 	
 &WJEFODF GPS QBSBMMFM QSPDFTTJOH PG TFO
TPSZ JOGPSNBUJPO DPOUSPMMJOH EBVFS GPSNBUJPO JO DBFOPSIBCEJUJT FMFHBOT (FOFUJDT 	

؛

<> 5IPNBT + )  3PCFSUTPO ) . 	
 5IF DBFOPSIBCEJUJT DIFNPSFDFQUPS HFOF GBNJMJFT
#.$ CJPMPॻ  
<> 5IPSTPO + 4 -P 4 ' 1MPVY 0 )F 9  -JV ) 8 	
 4UVEJFT PG UIF CJPTZOUIFTJT
PG EJEFPYZIFYPTFT NPMFDVMBS DMPOJOH BOE DIBSBDUFSJ[BUJPO PG UIF BTD 	BTDBSZMPTF
 SFHJPO
GSPN ZFSTJOJB QTFVEPUVCFSDVMPTJT TFSPHSPVQ 7" +PVSOBM PG #BDUFSJPMPॻ 	
 ؛
<> 5PCJO % .BETFO % ,BIO,JSCZ " 1FDLPM & .PVMEFS ( #BSTUFBE 3 .BSJDR "
 #BSHNBOO $ 	
 $PNCJOBUPSJBM FYQSFTTJPO PG 5317 DIBOOFM QSPUFJOT EF୮ୢOFT UIFJS
TFOTPSZ GVODUJPOT BOE TVCDFMMVMBS MPDBMJ[BUJPO JO D FMFHBOT OFVSPOT /FVSPO 	
 ؛
<> 5SBDFZ , + 	
 "QQSPBDIJOH UIF OFYU SFWPMVUJPO FWPMVUJPOBSZ JOUFHSBUJPO PG OFVSBM BOE
JNNVOF QBUIPHFO TFOTJOH BOE SFTQPOTF $PME 4QSJOH )BSCPS 1FSTQFDUJWॶ JO #JPMPॻ
<> 5SPFNFM & 3 $IPV + ) %XZFS / % $PMCFSU ) "  #BSHNBOO $ * 	
 %JWFS
HFOU TFWFO USBOTNFNCSBOF SFDFQUPST BSF DBOEJEBUF DIFNPTFOTPSZ SFDFQUPST JO D FMFHBOT $FMM
	
 ؛
<> 5SPFNFM & 3 $IV 4 8 3FJOLF 7 -FF 4 4 "VTVCFM ' .  ,JN % ) 	
 Q
."1, SFHVMBUFT FYQSFTTJPO PG JNNVOF SFTQPOTF HFOFT BOE DPOUSJCVUFT UP MPOHFWJUZ JO D
FMFHBOT 1-P4 HFOFUJDT 	
 F
<> 5SPFNFM & 3 '©MJY ." 8IJUFNBO / , #BSSJ¨SF "  "VTVCFM ' . 	
 .J
DSPTQPSJEJB BSF OBUVSBM JOUSBDFMMVMBS QBSBTJUFT PG UIF OFNBUPEF DBFOPSIBCEJUJT FMFHBOT 1-P4
#JPMPॻ 	
 F
<> 5SPFNFM & 3 ,JNNFM # &  #BSHNBOO $ * 	
 3FQSPHSBNNJOH DIFNPUBYJT SF
TQPOTFT TFOTPSZ OFVSPOT EF୮ୢOF PMGBDUPSZ QSFGFSFODFT JO D FMFHBOT $FMM 	
 ؛
<> 5TBMJL & - /JBDBSJT 5 8FOJDL " 4 1BV , "WFSZ -  )PCFSU 0 	
 -*. IPNF
PCPY HFOFEFQFOEFOU FYQSFTTJPO PG CJPHFOJD BNJOF SFDFQUPST JO SFTUSJDUFE SFHJPOT PG UIF D
FMFHBOT OFSWPVT TZTUFN %FWFMPQNFOUBM #JPMPॻ 	
 ؛
<> 6NFNVSB 5 3BQQ 1  3POHP $ 	
 5IF SPMF PG SFHVMBUPSZ EPNBJO JOUFSBDUJPOT JO
6/$ $B.,** MPDBMJ[BUJPO BOE USB୭୮ୢDLJOH +PVSOBM PG DFMM TDJFODF 	1U 
 ؛
<> 7JOFZ . & 	
 5IF CJPMPHZ BOE HFOPNJDT PG TUSPOHZMPJEFT .FEJDBM .JDSPCJPMPॻ BOE
*NNVOPMPॻ 	
 ؛
<> WPO 3FVTT 4 ) #PTF / 4SJOJWBTBO + :JN + + +VELJOT + $ 4UFSOCFSH 1 8 
4DISPFEFS ' $ 	
 $PNQBSBUJWF NFUBCPMPNJDT SFWFBMT CJPHFOFTJT PG BTDBSPTJEFT B NPEV
MBS MJCSBSZ PG TNBMMNPMFDVMF TJHOBMT JO $ FMFHBOT +PVSOBM PG UIF "NFSJDBO $IFNJDBM 4PDJFUZ
	
 ؛
<> 8BSE " -JV + 'FOH ;  9V 9 ; 4 	
 -JHIUTFOTJUJWF OFVSPOT BOE DIBOOFMT
NFEJBUF QIPUPUBYJT JO D FMFHBOT /BUVSF /FVSPTDJFODF 	
 ؛

<> 8FCFS , 1 %F 4 ,P[BSFXB * 5VSOFS % + #BCV . .  EF #POP . 	
 8IPMF
HFOPNF TFRVFODJOH IJHIMJHIUT HFOFUJD DIBOHFT BTTPDJBUFE XJUI MBCPSBUPSZ EPNFTUJDBUJPO PG D
FMFHBOT 1-P4 0/& 	
 F
<> 8IJUF + ( 4PVUIHBUF & 5IPNTPO + /  #SFOOFS 4 	
 5IF TUSVDUVSF PG UIF OFS
WPVT TZTUFN PG UIF OFNBUPEF DBFOPSIBCEJUJT FMFHBOT 1IJMPTPQIJDBM 5SBOTBDUJPOT PG UIF 3PZBM
4PDJFUZ # #JPMPHJDBM 4DJFODॶ 	
 ؛
<> 8PMLPX $ " ,JNVSB , % -FF . 4  3VWLVO ( 	
 3FHVMBUJPO PG D FMFHBOT
MJGFTQBO CZ JOTVMJOMJLF TJHOBMJOH JO UIF OFSWPVT TZTUFN 4DJFODF 	/FX :PSL /:
 	

؛
<> 8SBHH 3 5 )BQJBL 7 .JMMFS 4 # )BSSJT ( 1 (SBZ + ,PNVOJFDLJ 1 3  ,PNV
OJFDLJ 3 8 	
 5ZSBNJOF BOE PDUPQBNJOF JOEFQFOEFOUMZ JOIJCJU TFSPUPOJOTUJNVMBUFE
BWFSTJWF CFIBWJPST JO DBFOPSIBCEJUJT FMFHBOT UISPVHI UXP OPWFM BNJOF SFDFQUPST 5IF +PVSOBM
PG /FVSPTDJFODF 5IF 0׻DJBM +PVSOBM PG UIF 4PDJFUZ GPS /FVSPTDJFODF 	
 ؛
<> 9JF : .PVTTBJG . $IPJ 4 9V -  4[F + : 	
 3'9 USBOTDSJQUJPO GBDUPS %"'
 SFHVMBUFT )5 BOE JOOBUF JNNVOF SFTQPOTFT UP QBUIPHFOJD CBDUFSJB JO DBFOPSIBCEJUJT
FMFHBOT 1-P4 (FOFUJDT 	
 F
<> :BNBEB , )JSPUTV 5 .BUTVLJ . #VUDIFS 3 " 5PNJPLB . *TIJIBSB 5 $MBSEZ +
,VOJUPNP )  *JOP : 	
 0MGBDUPSZ QMBTUJDJUZ JT SFHVMBUFE CZ QIFSPNPOBM TJHOBMJOH JO
DBFOPSIBCEJUJT FMFHBOT 4DJFODF 	
 ؛
<> :BSXPPE & 4BZSF ' 8 -JOETBZ )BOTFO &  /JDIPMBT 8 	
 %J୭GFSFOUJBM OV
USJUJPOBM SFRVJSFNFOUT GPS SFQSPEVDUJPO PG UXP TUSBJOT PG DBFOPSIBCEJUJT FMFHBOT JO BYFOJD
DVMUVSF /FNBUPMPHJDB 	
 ؛
<> :PPL ,  )PEHLJO + 	
 .PT NVUBHFOFTJT SFWFBMT B EJWFSTJUZ PG NFDIBOJTNT B୭GFDUJOH
SFTQPOTF PG DBFOPSIBCEJUJT FMFHBOT UP UIF CBDUFSJBM QBUIPHFO NJDSPCBDUFSJVN OFNBUPQIJMVN
(FOFUJDT 	
 ؛
<> ;IBOH + #BLIFFU 3 1BSIBS 3 4 )VBOH $) )VTTBJO . . 1BO 9 4JEEJRVJ 4 4
 )BTINJ 4 	
 3FHVMBUJPO PG GBU TUPSBHF BOE SFQSPEVDUJPO CZ LS¼QQFMMJLF USBOTDSJQ
UJPO GBDUPS ,-' BOE GBUBTTPDJBUFE HFOFT JO DBFOPSIBCEJUJT FMFHBOT +PVSOBM PG NPMFDVMBS
CJPMPॻ 	
 ؛
<> ;IBOH 4 4PLPMDIJL * #MBODP (  4[F + : 	
 $BFOPSIBCEJUJT FMFHBOT 5317 JPO
DIBOOFM SFHVMBUFT IU CJPTZOUIFTJT JO DIFNPTFOTPSZ OFVSPOT %FWFMPQNFOU 	$BNCSJEHF
&OHMBOE
 	
 ؛
<> ;IBOH 9  ;IBOH : 	
 /FVSBMJNNVOF DPNNVOJDBUJPO JO DBFOPSIBCEJUJT FMFHBOT
$FMM )PTU  .JDSPCF 	
 ؛

<> ;IBOH 9  ;IBOH : 	
 %#- B 5('̒ JT FTTFOUJBM GPS DBFOPSIBCEJUJT FMFHBOT BWFSTJWF
PMGBDUPSZ MFBSOJOH 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ PG UIF 6OJUFE 4UBUॶ PG
"NFSJDB 	
 ؛
<> ;IBOH : $IPV + ) #SBEMFZ + #BSHNBOO $ *  ;JOO , 	
 5IF DBFOPSIBCEJUJT
FMFHBOT TFWFOUSBOTNFNCSBOF QSPUFJO 0%3 GVODUJPOT BT BO PEPSBOU SFDFQUPS JO NBN
NBMJBO DFMMT 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODॶ PG UIF 6OJUFE 4UBUॶ PG "NFS
JDB 	
 ؛
<> ;IBOH : -V )  #BSHNBOO $ * 	
 1BUIPHFOJD CBDUFSJB JOEVDF BWFSTJWF PMGBDUPSZ
MFBSOJOH JO DBFOPSIBCEJUJT FMFHBOT /BUVSF 	
 ؛
<> ;JNNFS . (SBZ + . 1PLBMB / $IBOH " + ,BSPX % 4 .BSMFUUB . " )VETPO
. - .PSUPO % # $ISPOJT /  #BSHNBOO $ * 	
 /FVSPOT EFUFDU JODSFBTFT BOE
EFDSFBTFT JO PYZHFO MFWFMT VTJOH EJTUJODU HVBOZMBUF DZDMBTFT /FVSPO 	
 ؛
<> ;VHBTUJ 0  &XCBOL + + 	
 /FVSPJNNVOF SFHVMBUJPO PG BOUJNJDSPCJBM QFQUJEF FY
QSFTTJPO CZ B OPODBOPOJDBM 5('CFUB TJHOBMJOH QBUIXBZ JO DBFOPSIBCEJUJT FMFHBOT FQJEFSNJT
/BUVSF *NNVOPMPॻ 	
 ؛

